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ABSTRACT 
The county- leve l  popu la t ion  i n c r e a s e  i m p l i c a t i o n s  of  
two long-term geothermal  development s c e n a r i o s  f o r  t h e  
Geysers r e g i o n  i n  C a l i f o r n i a  are  addressed .  This r e g i o n  is 
def ined  t o  i n c l u d e  t h e  c o u n t i e s  of Lake, Sonoma, Mendocino 
and Napa, a l l  f o u r  i n  n o r t h e r n  C a l i f o r n i a .  The development 
s c e n a r i o s  inc lude  two components: development f o r  e l ec t r i ca l  
energy product ion  and d i r e c t  u se  a p p l i c a t i o n s .  Electr ical  
p roduc t ion  s c e n a r i o s  a r e  de r ived  by i n c o r p o r a t i n g  c u r r e n t  
development p a t t e r n s  i n t o  prev ious  development s c e n a r i o s  by 
both  i n d u s t r y  and r e s e a r c h  o r g a n i z a t i o n s .  The s c e n a r i o s  are 
made coun ty - spec i f i c ,  s p e c i f i c  t o  t h e  type  of g e o t h e r n a l  
system c o n s t r u c t e d ,  and are p r o j e c t e d  through t h e  y e a r  2000. 
S e p a r a t e  high growth ra te  and low growth ra te  s c e n a r i o s  are 
developed, based on a set of spec i f i ed  assumptions.  Direct 
u s e  s c e n a r i o s  are es t ima ted  from t h e  n a t u r e  of t h e  a v a i l a b l e  
r e s o u r c e ,  e x i s t i n g  l o c a l  economic and demographic p a t t e r n s ,  
and a v a i l a b l e  expe r i ence  w i t h  v a r i o u s  s e p a r a t e  d i r e c t  u se  
o p t i o n s .  
From t h e  composi te  development s c e n a r i o s ,  r e q u i r e d  
numbers of d i r e c t  and i n d i r e c t  employees and t h e  r e s u l t a n t  
in -migra t ion  p a t t e r n s  a r e  e s t ima ted .  In-migrat ion p a t t e r n s  
are compared t o  c u r r e n t  county l e v e l  popu la t ion  and ongoing 
t r e n d s  i n  county popu la t ion  change f o r  each of t h e  f o u r  
c o u n t i e s .  From t h i s  comparison, conc lus ions  are drawn con- 
ce rn ing  t h e  c o n t r i b u t i o n  of g e o t h e r n a l  r e s o u r c e  development 
t o  f u t u r e . p o p u l a t i o n  l e v e l s  and t h e  e i g n i f i c a n c e  of geother-  
mal ly  induced popu la t ion  i n c r e a s e  from a county p lanning  
p e r s p e c t i v e .  
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The Geysers r eg ion  i s  a subregion  of no r the rn  C a l i f o r n i a  which con- 
t a i n s  l a r g e  amounts of commercially a t t r a c t i v e  geothermal  r e s o u r c e s  and 
t h e  on ly  known vapor dominated geothermal  f i e l d  i n  t h e  United S t a t e s ,  
o u t s i d e  of  n a t i o n a l  parks .  The subregion  inc ludes  T h e  Geysers -Cal i s toga ,  
Lovelady Ridge, Knoxvi l le ,  L i t t l e  Horse Mountain and Wi t t e r  Spr ings  
Known Geothermal Resource Areas (KGRA)s and i s  loca ted  i n  p o r t i o n s  o f  
Colusa,  Lake ,  Mendocino, Napa, Sonoma and Yo10 c o u n t i e s  n o r t h  of San 
F ranc i sco .  The f i v e  KGRAs c o n s i s t  of about 420,000 a c r e s  of  which 
n e a r l y  90 percent  (380,000 a c r e s )  i s  i n  t h e  Geysers-Cal is toga KGRA. 
Over 300,000 of t h e s e  acres are s t a t e  and p r i v a t e  l ands .  Of t h e  40,000 
a c r e s  a s s o c i a t e d  wi th  t h e  four  s m a l l e r  o u t l y i n g  KGRAs,  approximately 
22 ,000  a c r e s  are  under Bureau of Land Management (BLM) and Fores t  Ser- 
v i c e  j u r i s d i c t i o n  (F red r i ckson ,  1977) .  
The bu lk  of t h e  r e g i o n  l i e s  i n  Lake County, but  most of t h e  e l e c -  
t r i c  development to  d a t e  has  occurred  i n  Sonoma County. F igu re  1 shows 
t h e  o v e r a l l  r eg ion  and t h e  i n d i v i d u a l  KGRAs. While n o n - e l e c t r i c  u se  of 
geothermal energy f o r  spas  was p r e v a l e n t  throughout  t h e  r e g i o n  as e a r l y  
a s  t h e  l a t e  1800's, t h a t  a c t i v i t y  i s  now concen t r a t ed  i n  n o r t h e r n  Napa 
County and i n  p a r t s  of Sonoma County. E l e c t r i c  p roduc t ion  e f f o r t s  i n  
t h e  a r e a  began between 1921 and 1925 when e i g h t  steam wells were d r i l l e d  
f o r  g e n e r a t i n g  e l e c t r i c i t y .  However, t h e  p r o j e c t  f a i l e d  from l a c k  of 
both nearby marke ts  and of  s a f e  d r i l l i n g  technology.  In 1955, Magma 
1 
Power Company began d r i l l i n g  f o r  steam. I n  June 1960, P a c i f i c  Gas and 
E l e c t r i c  Company's f i r s t  geothermal steam power p l a n t  went on l i n e  wi th  
12.5 MW. 
Since  then ,  t h e  a d d i t i o n  of 1 2  g e n e r a t i n g  u n i t s  w i th  t o t a l  c a p a c i t y  
of 608 MW* h a s  made The Geysers t h e  world's l a r g e s t  producer  of power 
from geothermal energy.  General  l e a s e  p a t t e r n s  i n  the  Geysers a r e a  a r e  
shown on F igure  2 .  Developed p o r t i o n s  of t h e  KGRA l i e  along t h e  Sonoma 
County s i d e  of  t h e  Sonoma County - Lake County border  through t h e  Mayac- 
mas Mountains. Th i s  i s  a sparsely populated a r e a  away from s i g n i f i c a n t  
a g r i c u l t u r a l  and r e c r e a t i o n a l  areas. Recent expansions i n t o  Lake County 
a r e  approaching major r e c r e a t i o n a l  a r e a s  (e .g .  Cobb V a l l e y  and Boggs 
Mountain) and more dense ly  populated areas. 
Lake County c o n t a i n s  t h e  l a r g e s t  area w i t h i n  t h e  KGRA boundary. 
Because of  t h e  county 's  n a t u r a l  l akes  and s c e n i c  mountains and i t s  prox- 
i m i t y  t o  t h e  San F ranc i sco  and Sacramento m e t r o p o l i t a n  a r e a s ,  tour i sm 
has  become one of  t h e  major economic a c t i v i t i e s .  Extens ive  r e c r e a t i o n  
development has occurred  mainly i n  two a r e a s ,  Cobb Mountain and Clear 
Lake ( t h e  l a r g e s t  n a t u r a l  l ake  i n  C a l i f o r n i a ) .  Commercial development 
and t h e  u t i l i z a t i o n  of t h e  l ake ' s  r e c r e a t i o n  r e s o u r c e s  began over  100 
years ago. The sou the rn  p a r t  o f  t h e  l a k e  is w i t h i n  The Geysers- 
C a l i s t o g a  KGRA and t h e  sur rounding  land i s  most ly  i n  p r i v a t e  ownership.  
Federa l  ownership w i t h i n  4 t o  5 miles of t h i s  p o r t i o n  o f  t h e  l ake  i s  
minimal and s c a t t e r e d .  P o t e n t i a l  geothermal l e a s i n g  for such l ands  
q i n c e  the compi l a t ion  or t h i s  r e p o r t ,  Uni t  13  has  come on l i n e .  
However, t h e  s c e n a r i o s  and c a l c u l a t i o n s  f o r  t h i s  r e p o r t  were com- 
p l e t e d  be fo re  t h i s  c a p a c i t y  a d d i t i o n  and were based on a r e g i o n a l  
c a p a c i t y  of 608MW. 
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Figure  1. Regional  Overview and KGRA Locat ions  
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would, i n  most i n s t a n c e s ,  have t o  be accomplished i n  con junc t ion  with 
ad jacen t  p r i v a t e  l ands .  Although only 20 percent  of t h e  l a k e  i s  i n  t h e  
KGRA, t h i s  p o r t i o n  c o n t a i n s  about two-thirds  of t h e  l ake ' s  r e s o r t s ,  
t r a i l e r  pa rks ,  and r e l a t e d  commercial f a c i l i t i e s .  C l e a r  Lake S t a t e  Park 
i s  loca ted  p a r t i a l l y  w i t h i n  t h e  KGRA on t h e  west s i d e  of t h e  l ake .  
The f o r e s t e d  Cobb Mountain a r e a ,  near  t h e  c e n t e r  of  t h e  r e g i o n ,  
f l o u r i s h e d  as a r e s o r t  area from 1870 t o  1930. Adjacent  t o  Cobb Moun- 
t a i n  i s  t h e  3,300-acre Boggs Mountain S t a t e  Fores t  which r ece ived  1870 
r e c r e a t i o n  v i s i t o r s  i n  1972. A l l  of t h e  S t a t e  Fores t  and most of t h e  
ad jacen t  Boggs Mountain area are w i t h i n  The Geysers-Cal is toga KGRA. The 
s c a t t e r e d  Nat iona l  Resource (BLM) l a n d s ,  f o r  t h e  most p a r t ,  do not have 
pub l i c  a c c e s s .  The n e a r e s t  urban c e n t e r s  t o  t h e  KGKA a r e  San ta  Rosa 
(Sonoma County) ,  Napa (Napa County) and Ukiah (Mendocino County).  
Recent A c t i v i t y  
Act ive  r e source  development has  been underway f o r  ove r  20 y e a r s ,  
and over  300 geothermal  w e l l s  have been d r i l l e d  (Smith and Matlock, 
1978) .  When t h e  P a c i f i c  Gas and E l e c t r i c  Company's Unit  11 came on l i n e  
i n  1974, i t  r a i s e d  t h e  i n s t a l l e d  e l e c t r i c a l  c a p a c i t y  t o  502 MWe making 
i t  t h e  l a r g e s t  geothermal  i n s t a l l a t i o n  i n  t h e  world.  The company (wi th  
608 c u r r e n t l y  on l i n e )  p l a n s  t o  add ano the r  1000 MWe of c a p a c i t y  by 
1985. 
MW 
I n  r e c e n t  years development a t  The Geysers has  slowed. Unit  1 2 ,  
t h e  f i r s t  a d d i t i o n  t o  be sought a f t e r  t h e  p rov i s ions  of t h e  C a l i f o r n i a  
Environmental Qua l i ty  A c t  (CEQA) went i n t o  e f f e c t ,  s u f f e r e d  cons ide rab le  






t he  necessary  p e r m i t s  were being de f ined .  I n  1976 t h e  development pro- 
c e s s  was resumed and a u t h o r i t y  was granted  t o  PG & E f o r  u n i t s  13 ,  14 
and 15. The las t  of  t h e s e  u n i t s  approved, Unit 14,  i s  expected t o  be on 
l i n e  i n  t h e  ear ly  1980’s. 
@ 
The C a l i f o r n i a  S t a t e  Department of Water Resources ,  t h e  Northern 
C a l i f o r n i a  Power Agency and Sacramento Municipal U t i l i t y  D i s t r i c t  have 
l e a s e  ho ld ings  which may a l low them t o  o p e r a t e  e l e c t r i c  power p l a n t s  i n  
t h e  Geysers r e g i o n  i n  t h e  nea r  f u t u r e .  There are a l s o  s t r o n g  ind ica -  
t i o n s  t h a t  hot-water r e sources  are p resen t  i n  s i g n i f i c a n t  q u a n t i t i e s  
under l a r g e  p o r t i o n s  of  t h e  r eg ion .  The USGS (1978) l i s t s  numerous ho t  
s p r i n g s  i n  t h e  g r e a t e r  Geysers area. However, t h e  e x t e n t  of t h e  h o t  
water r e s o u r c e s  has  y e t  t o  be demonstrated by  deep d r i l l i n g .  
The KGRAs (The Resource) -- -
A b r i e f  d e s c r i p t i o n  of  t h e  l o c a t i o n  and b a s i s  f o r  e s t a b l i s h i n g  each 
KGRA i s  presented  h e r e ,  based on work by t h e  Jet  P ropu l s ion  Laboratory 
(JPL, 1976) and USGS (1978).  An estimate of t h e  e x t e n t  of t h e  r e s o u r c e  
and i t s  p o t e n t i a l  i s  provided i n  Table  1. Estimates by o t h e r  r e s e a r -  
c h e r s  ( e .g .  G r e i d e r ,  1977; or SRI, 1977) show similar p o t e n t i a l s .  No 
new assessment  of  t h e  KGRAs has  been made f o r  t h i s  p r o j e c t  and t h e  
r eade r  i s  r e f e r r e d  t o  t h e  r e fe renced  sources  f o r  g r e a t e r  d e t a i l  on t h e  
geophys ica l  c h a r a c t e r i s t i c s  of  t h e  r eg ion .  
The Geysers-Cal is toga KGRA 
The Geysers-Cal is toga KGRA c o n s i s t s  of 378,687 a c r e s  loca t ed  i n  
p o r t i o n s  of  Lake, Mendocino, Napa, and Sonoma Count ies .  T h i s  KGRA has  
evolved from a d d i t i o n s  t o  The Geysers and C a l i s t o g a  KGRAs caus ing  them 
6 
bcat  ion/ KGRA 
Geysers-Calistoga 
!Cnoxville 
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From: USGS, 1978; D. Citron, e t  a l . ,  1976; Brook, e t  a l . ,  1979; and JPL, 1978. 
to coalesce into a single large KGRA. The initial KGKAs were located in 
northeastern Sonoma County (The Geysers) and in the northern end of Napa 
Valley (Calistoga) between 60 and 70 miles north of San Francisco. An 
arm of the present KGRA extends some 9 miles southeastward and encom- 
passes the towns of Calistoga and St. Helena. 
Geological indicia led to establishment of The Geysers and Calis- 
toga KGRAs on December 24, 1960. A review of the geology in the area 
between The Geysers and Calistoga KGRAs indicated that the two existing 
KGRAs should be consolidated and that lands southeast of the Calistoga 
KGRA should be added to the new KGKA. Thus, the addition to, and conso- 
lidation of, The Geysers-Calistoga KGRA was determined on the basis of 
(1) favorable geological data and ( 2 )  competitive interest. 
Knoxvi 1 le KGRA 
The Knoxville KGRA contains 14,702 acres (of which 9,785 acres are 
National Resource Lands) and is located in the north coast ranges of 
California approximately 75 miles north of San Francisco and 10 miles 
east of the original Geysers KGRA. The KGRA includes sections of Lake, 
Napa, and Yo10 Counties. A small population center (Knoxville) lies 
less than one mile east of the KGRA and is more or less a ghost town. 
The area is serviced by the Berryessa-Knoxville, or Morgan Valley, Road. 
This KGRA is based on the filing of overlapping noncompetitive 
lease applications indicating competitive interest, and is supported by 
geologic indicia in the area. 
Little Horse Mountain KGRA 
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The KGRA c o n s i s t s  of 1,196 a c r e s  i n  Lake County, 1 2  m i l e s  n o r t h  of 
t h e  town of Lucerne on C lea r  Lake. The land of t h e  KGRA inc ludes  two 
s e c t i o n s  i n  an east-west al ignment .  Approximately 1 m i l e  t o  t h e  
northwest  i s  Crab t r ee  Hot Spr ings  wi th  a s u r f a c e  tempera ture  of 41  
degrees  Cent igrade  . 
Overlapping geothermal l e a s e  a p p l i c a t i o n s  f i l e d  i n  t h e  v i c i n i t y  of 
L i t t l e  Horse Mountain, Lake County, i n  January ,  1974, i n d i c a t e d  t h a t  
compe t i t i ve  i n t e r e s t  i n  t h e  a r e a  e x i s t s .  Des igna t ion  of t h e  a r e a  as a 
KGKA i s  based s o l e l y  on t h i s  compet i t ive  i n t e r e s t .  
Lovelady Ridge KGRA 
The Lovelady Ridge KGRA c o n t a i n s  6,879 a c r e s  i n  Colusa County and 
l i e s  about  16 miles n o r t h e a s t  of t h e  Geysers-Cal is toga KGRA and approxi-  
m a t e l y  4 m i l e s  southwest  of Lodoga. The dominate geographic  f e a t u r e  i n  
t h e  KGRA i s  Lovelady Ridge, t r end ing  n o r t h  t o  n o r t h e a s t .  
Lovelady Ridge KGRA i s  based p r i m a r i l y  on compe t i t i ve  i n t e r e s t .  
Geothermal i n d i c i a ,  such a s  d i s so lved  s i l i c a  i n  t h e  waters of Cook 
Spr ings  and Deadshot Spr ing  i n  t h e  KGRA which i n d i c a t e  water  source  t e m -  
p e r a t u r e s  of 120 degrees  Cent igrade  and 100 degrees  Cent igrade  respec-  
t i v e l y ,  a l s o  lend suppor t  t o  t h e  d e s i g n a t i o n .  
Witter Spr ings  KGRA 
The Witter Spr ings  KGRA c o n t a i n s  18,152 a c r e s  i n  p o r t i o n s  of  Lake 
and Mendocino Count ies .  It i s  loca ted  a few miles nor thwes t  o f  Clear 
Lake i n  Lake County. The C i t y  of Ukiah i s  approximate ly  12  miles t o  
southwes t .  
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Overlapping geothermal lease applications in the vicinty of Witter 
Springs filed during January 1974 indicated that competitive interest,in 
the area exists. KGRA designation was based on these interests and upon 
geothermal indicia. 
Geysers Socioeconomic Research Program 
A series of previous studies have addressed geothermal development 
in the Geysers area. A majority of these have addressed the character- 
istics of the resource and its potential for generating electric power 
(e.g: Citron, et al., 1977; Leibowitz 1976 and 1977; SRI, 1976; Fredick- 
son, 1978; Goff, et al., 1979; Freider, 1977; and so forth). A second 
series of studies (principally E I R / E I S  and topical studies such as Vol- 
lentine, Kunin and Sathaye, 1977) have addressed in detail the environ- 
mental and socioeconomic impacts of the construction and operation of a 
single plant. However, little has been done to assess the cumulative 
potential effects associated with enactment of a long-term development 
scenario. 
DOE is actively supporting commercialization of geothermal energy 
resources in the Geysers-Calistoga KGRA through a variety of research 
programs and the Geothermal Loan Guarantee Program. DOE therefore has 
assumed the function of assessing the probable environmental and 
socioeconomic consequences of geothermal energy development within the 
region. The program has been conducted through the San Francisco 
Regional DOE Office and Lawrence Livermore Laboratory (LLL), the lead 
laboratory for geothermal energy assessments. 
Planning by LLL for socioeconomic research in the Geysers region 
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began l a t e  i n  1977 wi th  an Overview Program. A major r e s e a r c h  program 
wi th  t h e  o b j e c t i v e  of long-term s c e n a r i o  assessment evolved from t h e  DOE 
overview program. A smal l  t a s k  fo rce  was convened on December 16 ,  1977 
a t  Sonoma S t a t e  Col lege .  The t a s k  fo rce  i d e n t i f i e d  p re l imina ry  i s s u e s ,  
d a t a  s o u r c e s ,  c o n s t i t u e n t  i n t e r e s t  g roups ,  i n fo rma t ion  u s e r  groups and 
needs ,  and made r e sea rch  recommendations. Th i s  was followed by a 
workshop on June 9 ,  1978 a t  S t .  Helena (Napa County).  A broad spectrum 
of  major i n t e r e s t s  i n  t h e  fou r  county a r e a  was r e p r e s e n t e d ,  i nc lud ing :  
County Board of Supe rv i so r s ;  Planning Commissions; p lanning ,  p u b l i c  
works, s o c i a l  s e r v i c e ,  and a s s e s s o r  department  heads ;  c i t i z e n s ;  
growers;  v i n t n e r s ;  energy i n d u s t r y ;  S t a t e  Energy Commission; Bureau 
of Land Management; land owners; i n t e r e s t  groups;  S t a t e  Department 
of Finance;  school  d i s t r i c t  r e p r e s e n t a t i v e s ;  c o n s u l t a n t s ;  and 
r e s e a r c h  o r g a n i z a t i o n s ,  a s  w e l l  a s  DOE o f f i c i a l s .  
The workshop devoted i t s e l f  t o  a thorough examinat ion of t h e  i s s u e s  
of importance t o  t h e  l o c a l  communities. A f t e r  an exhaus t ive  l i s t i n g  and 
d e s c r i p t i o n  of a wide range of  i s s u e s ,  t h e  workshop p a r t i c i p a n t s  ranked 
over  160 s p e c i f i c  i s s u e s .  I n  broad c a t e g o r i e s ,  t h e  most c r i t i c a l  p r i o r -  
i t i e s  were: land u s e ,  f i s c a l ,  demographic, and economic issues.  
Research recommendations, on t h e  b a s i s  of t h i s  p r i o r i t y  r ank ing ,  were 
made by a j o i n t  LLL-GRIPS overview s t a f f .  GRIPS, (Geothermal Research,  
Informat ion  and Planning  S e r v i c e s )  is an in te r -county  agency represen-  
t i n g  t h e  c o u n t i e s  of Lake, Sonoma, Mendocino and Napa and tasked  wi th  
t h e  c o o r d i n a t i o n  of  i n fo rma t ion  r e l a t e d  t o  t h e  development of geothermal 
r e sources  i n  t h e  area. 
A socioeconomic r e s e a r c h  p l an  was developed by LLL t o  p rov ide  a 
comprehensive response  t o  t h e  i s s u e s  i d e n t i f i e d  by t h e  socioeconomic 
overview program ( H a l l  and Obanion, 1979) .  Th i s  mul t i -year  s tudy  p l an  
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i d e n t i f i e d  r e s e a r c h  t a s k s  i n  a l l  a r e a s  of socioeconomic concern and was 
presented  t o  t h e  GRIPS Technical  Advisory Committee (TAC) by LLL on 
February 23,  1979. A r e v i s e d  p lan  was presented  t o  a TAC meeting March 
16, 1979 which o u t l i n e d  a program b u i l t  on c o l l a b o r a t i v e  LLL/LBL 
e f f o r t s .  
A f e a t u r e  e s p e c i a l l y  designed wi th  l o c a l  land u s e  management needs 
i n  mind i s  an  i t e r a t i v e  i d e n t i f i c a t i o n  and e v a l u a t i o n  of  m i t i g a t i n g  pol- 
i c y  op t ions  t o  reduce  s i g n i f i c a n t  adverse  impacts.  These p o l i c y  op t ions  
a r e  designed f o r  c o n s i d e r a t i o n  by t h e  c o u n t i e s  and GRIPS as mechanisms 
t o  manage geothermal growth and r e l a t e d  development through geothermal 
o r  energy e lements  t o  county comprehensive land use p l a n s ,  a r e a  s p e c i f i c  
p l ans ,  u s e  p e r m i t  performance s t a n d a r d s ,  o r  o t h e r  p o l i c y  implementing 
t o o l s .  Th i s  approach, i n  which l o c a l  agenc ie s  p a r t i c i p a t e  i n  t h e  des ign  
of and conduct of a major r e sea rch  program, i s  designed t o  encourage 
maximum l o c a l  p a r t i c i p a t i o n .  The proposed r e s e a r c h  program was i n i -  
t i a t e d  i n  A p r i l  1979. 
Study Ob jec t ives  
The s tudy  r e p o r t e d  h e r e  i s  one p a r t  o f  t h e  e n t i r e  assessment  
desc r ibed  i n  t h e  LLL socioeconomic r e sea rch  p l an .  The g o a l s  of t h i s  
s tudy  were t o  d e f i n e  probable  development s c e n a r i o s  f o r  e l e c t r i c  and 
non-e l ec t r i c  geothermal  energy development i n  t h e  Geysers r e g i o n  and t o  
assess county l e v e l  popu la t ion  impacts r e s u l t i n g  from probable  f u t u r e  
(1979-2000) geothermal energy development pa ths .  
We d iv ided  t h e  s t u d y  i n t o  t h r e e  t a s k s .  The f i r s t  t a s k  was t o  
d e f i n e  probable  development s c e n a r i o s  f o r  bo th  e lec t r ic  and n o n - e l e c t r i c  
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u t i l i z a t i o n  of geothermal  r e sources  and t o  d e f i n e  t h e  employment impacts 
of t h e s e  s c e n a r i o s .  The second was t o  a s s e s s  a v a i l a b l e  b a s e l i n e  d a t a  
f o r  county l e v e l  popu la t ion  c h a r a c t e r i s t i c s  and f o r  r ecen t  t r e n d s  i n  
popu la t ion  s h i f t  and county i n m i g r a t i o n .  The t h i r d  s t e p  was t o  u s e  the  
b a s e l i n e  and s c e n a r i o  d a t a  t o  d r i v e  a cohor t - su rv iva l  popu la t ion  model 
i n  o r d e r  t o  assess long-term county l e v e l  popu la t ion  impacts  of a l t e r -  
n a t e  l e v e l s  of geothermal  a c t i v i t y .  
Subsequent s e c t i o n s  i n  t h i s  r e p o r t  p re sen t  t h e  s p e c i f i c  methodology 
used i n ,  and r e s u l t s  ob ta ined  from, each of t h e s e  t a s k s .  Conclusions 
concern ing  geothermal  development impacts on county popu la t ion  are 
presented  i n  t h e  f i n a l  s e c t i o n .  
It  i s  important  t o  view t h i s  s tudy  w i t h i n  t h e  con tex t  of t h e  
o v e r a l l  LLL r e s e a r c h  p l a n .  A l l  s t u d i e s  undertaken du r ing  FY 79 were 
designed t o  b u i l d  a body of b a s i c  in format ion .  Ongoing s t u d i e s  inc lude  
f i s c a l  c h a r a c t e r i z a t i o n s ,  land use assessments  and economic assessments  
a s  w e l l  a s  t h e  demographic work r epor t ed  he re .  From t h e s e  s t u d i e s ,  sub- 
sequent  e f f o r t s  (FY 80 and 81) w i l l  e v a l u a t e  t h e  impacts  o f  a l t e r n a t e  
l o c a l  p o l i c y  op t ions  on t h e  p r o j e c t i o n s  developed du r ing  FY79 and w i l l  
add res s  d e t a i l e d  sub-county issues a r i s i n g  from t h e  b a s i c  s t u d i e s .  As a 
r e s u l t ,  t h e  c u r r e n t  s tudy  i s  l i m i t e d  i n  s e v e r a l  ways. F i r s t ,  t h i s  i s  a 
county l e v e l  s tudy .  A major conc lus ion  of  t h e  s t u d y ,  however, i s  t h a t  
demographic impacts w i l l  be most s t r o n g l y  f e l t  a t  a sub-county l e v e l .  
Second, as a base  c a s e  a n a l y s i s ,  t h e  s tudy  must exclude t h e  e f f e c t  of 
any p o l i c y  o p t i o n s  which might be exe rc i sed  by v a r i o u s  l e v e l s  of govern- 
ment. These,  t o o ,  are t o  be addressed i n  subsequent  e f f o r t s .  
While i t  may appear  t h a t  l i t t l e  room i s  l e f t  f o r  a n a l y s i s ,  w e  found 
13 
that such was not the case. Much innovative work was performed for this 
study in the areas of direct use of geothermal energy and in evaluating 
the employment and in-migration implications of geothermal energy. In 
those regards the study can stand alone. However, it should be remem- 
bered that this study is designed as one part of a much larger 
socioeconomic assessment. 
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11. ELECTKICAL ENERGY DEVELOPMENT SCENARIOS 
Basis f o r  Scena r io  Development 
-__. 
Scena r ios  f o r e c a s t i n g  t h e  f u t u r e  path of e l e c t r i c a l  g e n e r a t i o n  from 
geothermal  energy i n  t h e  Geysers area have been prepared  by J P L  
(Leibowi tz ,  1976; F red r i ckson ,  19771, by Gre ide r  (1977) ,  by SKI (1977) ,  
and more r e c e n t l y  by t h e  C a l i f o r n i a  Energy Commission ( H i l l ,  1979) .  
These f o r e c a s t s  were used as a s t a r t i n g  p o i n t  f o r  t h i s  s tudy .  Revis ion  
of  t h e  e x i s t i n g  f o r e c a s t s  was r e q u i r e d  f o r  s e v e r a l  r easons .  F i r s t ,  
r e c e n t  a n a l y s i s  ( H i l l ,  1979) i n d i c a t e s  a gene ra l  d e l a y  i n  meet ing t h e  
nea r  t e r m  (1980-1985) g o a l s  l i s t e d  i n  J P L  and o t h e r  s c e n a r i o s .  Second, 
our  s tudy  r e q u i r e d  t h e  i d e n t i f i c a t i o n  o f  p l a n t  t y p e  (e .g .  steam, ho t  
water b i n a r y ,  e t c . )  for a l l  p l a n t s  inc luded  i n  a f o r e c a s t  i n  o r d e r  t o  
c a l c u l a t e  a s s o c i a t e d  c o n s t r u c t i o n  l abor  f o r c e .  T h i s  could  n o t  be done 
a t  a county l e v e l  from e x i s t i n g  s c e n a r i o s .  Th i rd ,  e x i s t i n g  s c e n a r i o s  
assume a se t  of  s t a t e  and county i n s t i t u t i o n a l  p o l i c i e s  and a c t i o n s ,  and 
inc lude  t h e  i n f l u e n c e s  of  these p o l i c i e s  i n  t h e  f i n a l  s c e n a r i o s .  A s  
de f ined  by t h e  LLL socioeconomic r e s e a r c h  p l a n ,  our s c e n a r i o s  must 
d i s c o u n t  county o r  l o c a l  p o l i c y  o p t i o n s  and c o n c e n t r a t e  on t e c h n i c a l ,  
economic and geophys ica l  f e a s i b i l i t y .  A s  a r e s u l t ,  t h e  e f f e c t s  of  
v a r i o u s  p o l i c y  o p t i o n s  had t o  be removed from e x i s t i n g  s c e n a r i o s .  
Scena r ios  developed h e r e  were conceived i n  a t o p  down manner. 
Regional e l e c t r i c  p roduc t ion  g o a l s  were f o r e c a s t  based upon p rev ious  
a n a l y s e s  and t h e  s e t  of s c e n a r i o  assumptions desc r ibed  la te r  i n  t h i s  
s e c t i o n .  Resu l t ing  t o t a l s  were appor t ioned  t o  c o u n t i e s  as a f u n c t i o n  of  
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KGRA potential (from USGS 1979 and Goff, et al. 1977) and of existing 
development and drilling patterns. Assumptions were made concerning the 
future shares of the total regional capacity for steam, flash hot water 
and binary hot water plants. Steam plants were limited to Lake and 
Sonoma Counties in the area of the existing steam field. Finally, 
county capacities were allotted to the three plant types and associated 
drilling and construction schedules were defined. 
All scenarios recognize ongoing development activities (see Table 2 
and Table 3). While some of the later plant-on-line dates shown in 
Table 2 were allowed to slip unde,r a low growth scenario, the plants 
shown were all eventually included in each scenario. 
Scenario Assumptions 
Two types of assumptions were identified for consideration in 
developing scenarios for this study. There were assumptions which limit 
the magnitude of development, and assumptions which affect the timing of 
development. Areas for consideration were limited to physical resource 
characteristics, engineering considerations, economic considerations, 
energy demand/supply relationships, and environmental control techno- 
logy. As previously mentioned, sociopolitical and institutional areas 
were not considered. The assumption areas and their implication for 
geothermal development are: 
1. Size of Steam Field: For previous analyses the boundary of the 
current field has been accepted as the ultimate boundary of the 
steam field (see Goff, et al., 1977). Recent measurements by USGS 
(Iyer et al., 1979) indicate a higher temperature anomaly than pre- 
viously suspected northeast of the ciirrent field of operation as 
far as the Mt. Hannah area. This does not establish the existence 
of an expanded steam field. However, since we lack detailed 
proprietary data on test drilling results in that area, the possi- 
bility of a larger steam field and its effect on development rates 
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Table 2 
On-Going Geothermal Power Plane Activity in the Geysers Region 
(as of Sept 79) 
Schedu 1 ed 
Utility Unit Developer Capacity (We) Date on Line Status 
1. PLANTS ON LINE 
PGE 1-12 608 
2. PLANTS UNDER CONSTRUCTION 
PGE 15 Thermogenics 55 
PGE 13 Aminoi 1 135 
PGE 14 Union 110 
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Table 2 
On-Going Geothermal Power Plant Activity in the Geysers Region 
(as of Sept .79) a 
(continued) Scheduled 
Date on Line Status Utility Unit Developer Capacity(MWe) 
4. PLANTS PLANNED BUT NO ACTION TAKEN -. 
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On-Going Drilling Activity in The Geysers Area (Sept. 1979) 
Existing Exploratory Step-out Projects 
Thermogenics - Rorabaugh and others, Sonoma County 
30 wells; 24 production wells completed for Unit 15. 
Aminoil - Wildhorse, Sonoma County 
4 wells; none yet producing commercial quantity of steam. 
Aminoil - Castle Rock Springs, Lake County 
25 wells (one in Sonoma Co.); 19 productive for Unit 13; 
drilling in progress. 
Shell Oil - BLM/Bounsall, Lake County 
3 wells; 2 productive (drilling in progress) 
Exploratory Permits Granted and/or Drilling in Progress 
McCulloch Oil - Francisco (High Valley Cr.), Lake County 
2 wells; one completed and productive. 
Aminoil/Gulf Oil - BJ, Maguire Peak, Lake County 
drilling in progress; Negative Declaration granted by Planning 
Commission. 
Republic Geothermal - Howard Hot Springs, Lake County 
2 exploratory wells. 
Union Oil - Binkley, Lake County 
site prepared; no drilling yet. 
Union Oil - Phelps, Lake County, site preparation in progress; 
EIR and permit held in court for two years. 
Magma Energy - Watson, (Mt. Konocti), Lake County 
2 wells; no drilling yet. Negative Declaration denied by Planning 
Commission. Use permit denied by Planning Commission. Use permit 
denial overturned by Board of Supervisors. 
Exploratory Drilling Projects Seeking Approval 
Phillips Petroleum - Borax Lake, Lake County 
1 exploratory well. 
Union Oil - Thurston Lake, Lake County 
exploratory well(s). 
Chevron Oil - Dry Creek, Lake County 




On-Going Drilling Activity in The Geysers Area (Sept. 1979) 
Partial Action or Informal Discussion Stage Projects 
Resources Funding Limited/Northern California Power Association - 
Boggs Lake, Lake County 
exploratory drilling, field development for up to four 55 Elwe plants 
State Lands Commission/Lawrence Berkeley Lab - Clear Lake, Lake County 
conducted tests of heat probes and temperature gradients of Lake 
bottom 
Bureau of Land Management (Ukiah District Office) - 93,000 acres in 
Lake, Sonoma, Mendocino, and Colusa Counties (75,000 in Lake) 
a) Cow Mountain, Lake and Mendocino Counties' draft completed 
b) Witter Springs, Lake County; draft completed 
c) Bartlett Springs/Walker Ridge, Lake and Colusa Counties' study underway 
d) Lovelady Ridge, Lake County; study planned 
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2 .  
3 .  
4. 
should be exp lo red .  T h e r e f o r e ,  under t h e  high growth s c e n a r i o  an 
a d d i t i o n a l  5000 a c r e s  of  steam f i e l d  (500 MWe) a r e  assumed t o  be 
a v a i l a b l e  f o r  development by 1985. 
Energy P r i c e  and Demand: The r a t e  of development of geothermal 
energy  i s  dependent upon t h e  p r i c e  of a l t e r n a t e  sou rces  of energy  
and upon t h e  r e g i o n a l  demand f o r  e l e c t r i c i t y .  As t h e  p r i c e  of 
a l t e r n a t e  sou rces  ( o i l )  r i s e ,  t h e  c a p i t a l  investment necessa ry  t o  
c o n s t r u c t  a geothermal p l a n t  becomes more a t t r a c t i v e .  T h u s  t h e  
r a t e  of geothermal development and o i l  p r i c e s  a r e  d i r e c t l y  r e l a t e d .  
I f  world o i l  p r i c e s  con t inue  t o  climb a t  c u r r e n t  r a t e s  ( 5  percent -6  
pe rcen t  r e a l  growth p e r  y e a r )  bo th  geothermal steam systems 
( a l r e a d y  economica l ly  a t t r a c t i v e )  and ho t  water  s y s t e m s  w i l l  be 
a t t r a c t i v e  by t h e  e a r l y  1980's. However, t h e  e l e c t r i c i t y  produced 
from geothermal energy  must a l s o  be i n  demand b e f o r e  p l a n t  con- 
s t r u c t i o n  i s  warran ted .  PG&E s e r v i c e  a r e a  growth has  been below 3 
pe rcen t  p e r  yea r  f o r  t h e  p a s t  s e v e r a l  yea r s  ( C E C ,  1978).  W i t h  
o t h e r  major f a c i l i t i e s  due on l i n e  du r ing  t h e  s c e n a r i o  pe r iod  ( e . g .  
Diablo  Canyon, P i t t s b u r g  8 and 9 ,  and F o s s i l  I) and wi th  C a l i f o r n i a  
Energy Commission f o r e c a s t s  p r e d i c t i n g  cont inued  low growth r a t e ,  
inves tment  i n  geothermal development above t h e  h igh  growth r a t e  
s c e n a r i o  used here does not appear t o  be l i k e l y .  S t a t ewide  conser -  
v a t i o n  e f f o r t s  o r  o t h e r  demand reducing  f o r c e s  ( i n c r e a s e d  off-peak 
power u t i l i z a t i o n  f o r  example) could  eas i ly  reduce  f u t u r e  demand 
s u f f i c i e n t l y  t o  d e l a y  scheduled geothermal investment p l a n s  (low 
growth s c e n a r i o ) .  
Hot Water Development: System development of hot  water  r e s o u r c e s  
w i l l  depend upon s u c c e s s  of  t h e  Imper i a l  Val ley  demons t r a t ion  and 
p ro to type  p l a n t s  even though such systems have been f o r e c a s t  t o  
f i r s t  come on l i n e  i n  t h e  Geysers i n  1985 ( F r e d r i c k s o n ,  1977) and 
i n  t h e  mid t o  l a t e  1980's by t h e  CEC ( H i l l ,  1979). The f i r s t  
Imper i a l  V a l l e y  10 MW demons t r a t ion  p l a n t  (N i l and)  went on l i n e  i n  
1976. P r o g r e s s  s i n c e  t h e n  has  been slower than  o r i g i n a l l y  fo re -  
c a s t .  However, tes t  f a c i l i t i e s  ( e . g .  LLL's t o t a l  f low system) and 
more t h a n  10 o p e r a t i n g  p l a n t s  a r e  expec ted  t o  be on l i n e  by t h e  mid 
1980's ( d a t e  provided by D .  Layton, LLL, 1979) .  If t h e  o p e r a t i o n  
of  t h e s e  p l a n t s  demonst ra tes  t h a t  h o t  water b r i n e s  can  be managed 
w i t h i n  t h e  p l a n t  and t h a t  high p l a n t  c a p a c i t y  f a c t o r s  can  be main- 
t a i n e d ,  c a p i t a l  w i l l  become a v a i l a b l e  t o  deve lop  ho t  water r e sour -  
c e s  i n  t h e  Geysers area (h igh  growth s c e n a r i o ) .  I f  however, t h e  
e x i s t i n g  system d e s i g n s  do not prove f e a s i b l e  i n  Imper i a l  V a l l e y ,  
development of h o t  water i n  The Geysers w i l l  be s t a l l e d  u n t i l  new 
e n g i n e e r i n g  d e s i g n s  have been developed and t e s t e d  or u n t i l  f e d e r a l  
demons t r a t ion  g r a n t s  are made a v a i l a b l e  t o  Geysers development (low 
growth s c e n a r i o ) .  
Binary System Development: I n i t i a l  ho t  water  development w i l l  
f avo r  b i n a r y  sys t ems  ove r  f l a s h  systems. A t  lower b r i n e  tempera- 
t u r e s  (150 degrees  Cen t ig rade  t o  250 d e g r e e s  C e n t i g r a d e ) ,  a b i n a r y  
sys t em h a s  well-head e f f i c i e n c i e s  1.5 t o  2 times t h o s e  of a f l a s h  
s y s t e m  (SDGE, 1977; Goldsmith 1976; Ramachandran e t  a l . ,  1977).  
Th i s  means a f l a s h  s y s t e m  (assumed t o  be a 2-stage f l a s h  f o r  t h e s e  
c a l c u l a t i o n s )  w i l l  r e q u i r e  1 .5  t o  2 t imes a s  much incoming b r i n e  
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( i . e .  1 .5  t o  2 t i m e s  as many w e l l s )  t o  produce t h e  same output  
power. F u r t h e r ,  b ina ry  systems do not  produce t h e  l a r g e  q u a n t i t i e s  
of gaseous emiss ions  t h a t  f l a s h  sys t ems  w i l l  produce. Binary 
p l a n t s  do c o s t  approximately 7 percent  more . than  f l a s h  f o r  t h e  same 
power ou tpu t  (SKI, 1977; MITRE, 1979).  However, t h i s  e x t r a  p l a n t  
c o s t  i s  f a r  outweighed by t h e  f i e l d  development and steam c o s t  
s av ings  of t h e  b ina ry  system. F i n a l l y ,  c u r r e n t  Imper ia l  Val ley  
p l an t  des igns  (assumed pro to type  f o r  i n i t i a l  Geysers p l a n t s )  f avor  
b ina ry  sys t ems .  Thus b i n a r y  p l a n t s  should be t h e  "system-of- 
choice" when h o t  water  r e sources  are f i r s t  developed.  The l i m i t i n g  
f a c t o r  f o r  b i n a r y  s y s t e m  development w i l l  be t h a t ,  u n l i k e  f l a s h  
s y s t e m s ,  e x t e r n a l  c o o l i n g  water  w i l l  be r equ i r ed  ( s e e  05 below). 
5.  Cooling Water Supply: Lack of coo l ing  water  s u p p l i e s  w i l l  l i m i t  
b ina ry  s y s t e m  development i n  Lake County. Both USBK (1979) and t h e  
C a l i f o r n i a  DWK (1971) p r o j e c t  water  s u p p l y  and demand f o r  Lake 
County t o  2020. Depending upon t h e  growth s c e n a r i o  ana lyzed ,  
county water  demand t h a t  year i s  f o r e c a s t  t o  be i n  t h e  68,000 t o  
95,000 a c r e - f t / y r  range.  Th i s  e n t i r e  range o f  p o s s i b l e  2020 
demands exceeds t h e  a v a i l a b l e  in-bas in  s u p p l i e s  (USBR, 1979) and 
water imports  w i l l  be r equ i r ed  t o  suppor t  t h e  f u t u r e  popu la t ion .  
The a l l o c a t i o n  of coo l ing  water t o  b ina ry  systems w i l l  t h e r e f o r e  
mean an i n c r e a s e  i n  the amount of impor ted  w a t e r  r e q u i r e d .  Binary 
sys t ems  t y p i c a l l y  consume 40 acre-ft/yr/MW (MITRE, 1978).  Thus a 
55 MW p l a n t  w i l l  r e q u i r e  2200 a c r e - f t  of water pe r  year. F i n n  l i m -  
i t s  on t h e  amount of  imported water  which could be made a v a i l a b l e  
t o  Lake County cannot be e s t a b l i s h e d ;  however a 25 pe rcen t  i n c r e a s e  
above the  supply f o r e c a s t  by t h e  USBR p lan  appears  t o  be a reasona-  
b l e  upper l i m i t  f o r  t h e  county f o r  coo l ing  water a l l o c a t i o n .  Thus, 
t h e  h igh  growth s c e n a r i o  provides  a maximum of 23,000 a c r e - f t  i n  
2000 f o r  energy development ( o r  585 MW of b i n a r y  sys tems)  i n  Lake 
County. The low geothermal  growth s c e n a r i o  assumes no a d d i t i o n a l  
major water  s u p p l i e s  w i l l  be made a v a i l a b l e .  I n  t h i s  c a s e  a por- 
t i o n  of  t h e  USBR and DWR f o r e c a s t e d  i n d u s t r i a l  water use i s  assumed 
t o  suppor t  geothermal a c t i v i t y .  It i s  e s t ima ted  t h a t  8500 acre-  
f t / y r  could t h u s  be made a v a i l a b l e  and could  suppor t  210 MWe of 
b ina ry  s y s t e m s  i n  Lake County. 
6' H2S Abatement: H S abatement technology e f f e c t i v e n e s s  w i l l  sub- 
s t a n t i a l l y  i n f l u e i c e  t h e  a l lowable  l i m i t  of  steam and f l a shed  s team 
plants .  H2S abatement technology h a s  been s i g n i f i c a n t l y  advanced 
i n  r e c e n t  years. I f  t h e  new g e n e r a t i o n  of  systems proves e f f e c -  
t i v e ,  H2S should no t  be a l i m i t i n g  f a c t o r  i n  f u t u r e  geothermal  
expansion (h igh  growth) .  I f  ambient l e v e l s  of  H S remain s i g n i f i -  
c a n t ,  f u t u r e  ( p o s t  1985) development w i l l  be  c u r t a i l e d  u n t i l  e f f e c -  
t i v e  abatement technology i s  a v a i l a b l e  (low growth s c e n a r i o ) .  
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7 .  C a p i t a l  A v a i l a b i l i t y :  C a p i t a l  w i l l  be a v a i l a b l e  t o  f inance  steam 
f i e l d  and p l a n t  development. I n v e s t o r  confidence i n  steam sys tems 
has  been e s t a b l i s h e d .  However, some members of t h e  f i n a n c i a l  
investment  community have expressed  personal  r e s e r v a t i o n  a t  hot  
water systems u n t i l  t h e  technology h a s  been proved w i t h i n  t h e  Uni- 
t ed  S t a t e s .  U n t i l  t h e n ,  p o t e n t i a l  r e t u r n s  do not  j u s t i f y  t h e  per-  
ceived l e v e l  o f  r i s k .  Under a high growth s c e n a r i o ,  I m p e r i a l  
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8 .  
Q 
9. 
Val ley  p l a n t  exper ience  i s  assumed t o  be s u f f i c i e n t  t o  ensu re  an 
adequate  supply of c a p i t a l  f o r  a l l  geothermal development. 
New Technology: I t  i s  assumed t h a t  no new geothermal t echno log ie s  
o r  b a s i c  s y s t e m  c o n f i g u r a t i o n s  w i l l  be developed be fo re  2000. 
Resource L i m i t s :  It i s  assumed t h a t  e x i s t i n g  r e source  c h a r a c t e r i -  
z a t i o n s  have a c c u r a t e l y  dep ic t ed  both t h e  phys ica l  l i m i t s  and capa- 
c i t y  of t h e  geothermal  r e source  except  a s  p rev ious ly  noted ( s e e  
assumption 1 ) .  
Not a l l  o f  t h e  above assumptions a c t  i n  conso r t  t o  promote or res- 
t r i c t  geothermal development. Ra the r ,  s e v e r a l  a c t  as coun te r  ba l ances .  
For example, an  expanded steam f i e l d  reduces  hot  water  development. The 
assumptions which u l t i m a t e l y  ac ted  a s  primary l i m i t i n g  f a c t o r s  i n  t h e  
s c e n a r i o  development f o r  t h i s  s tudy  were steam f i e l d  s i z e ,  energy demand 
growth r a t e ,  hot  water  technology development, and coo l ing  water  a v a i l a -  
b i l i t y  f o r  b ina ry  sys t ems .  
E l e c t r i c  Energy Scena r ios  
The assumptions were app l i ed  t o  t h e  r e g i o n a l  goa l s  ob ta ined  from 
t h e  p rev ious ly  desc r ibed  s t u d i e s .  Table  4 shows t h e  r e s u l t a n t  r e g i o n a l  
and county l e v e l  c a p a c i t y  t o t a l s  f o r  t h e  h igh  and low growth s c e n a r i o s .  
Th i s  in format ion  i s  d i sp layed  g r a p h i c a l l y  on F igures  3 and 4. Figure  5 
shows year-by-year r eg ion  c a p a c i t y  by system type  f o r  each s c e n a r i o .  
Table  5 shows t h e  r e q u i r e d  new p l a n t s  on l i n e  f o r  each f i v e  year t i m e  
pe r iod .  Th i s  in format ion  i s  p resen ted  g r a p h i c a l l y  i n  F igu res  6 ,  7 ,  and 
8. 
Table  6 l i s t s  t h e  c a p a c i t y  d i f f e r e n c e  i n  e l e c t r i c  power product ion  
between high growth and low growth scena r ios .  No d i f f e r e n c e  e x i s t s  
u n t i l  1985 b u t ,  on a r e g i o n a l  b a s i s ,  grows s t e a d i l y  t h e r e a f t e r  u n t i l  
2000. Regional c a p a c i t y  a d d i t i o n s  f o r  t h e  high growth s c e n a r i o  peak i n  
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Table 4 
Electric  Energy Scenario by County 
1. High Growth Scenario 
I 
YEAR: PRESENT 1980 1985 CaDaci tY [MVel 1 COUNTY 
Sonoma 608 773 938 
Lake 0 135 75 1 
Mendo cino 0 0 0 
Napa 0 0 0 
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XBL 7911- 13317 
Fig. 3 County Level Capacity fo t  the High Growth Scenario 
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Fig. 5 Regional Capacity by System Type XBL 7912-5109 
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Table 5 
Required Capacity Additions By County 
1. High Growth Scenario 
TIME PERIOD: 










2. Low Growth Scenarios  
TIME PERIOD: 






(Hot Water) I 
Na?a (Steam) 
(Hot Water) I 
 TOTAL 
Capacity Additions (We) 









































300 781 995 930 900 
~ ~~~~~ ~ ~ - ~~ ~ ~~~ 
Capacity Additions (We) 
Present 1980 - 1985 - 1990 - 1995 - - 1980 1985 1990 1995 2000 
165 165 55 0 0 
0 0 50 50 0 
135 616 220 55 0 
0 0 100 100 150 
0 0 0 0 0 
0 0 0 0 50 
0 0 0 0 0 
0 0 0 0 0 
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F i g .  8. Regional  Capac i ty  Add i t ions  
by S y s t e m  Type 
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Table  6 
D i f f e r e n c e  Between High Growth and Low Growth Scena r ios  
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t h e  l a t e  1980's ( F i g .  6 )  w i th  a s l i g h t  d e c l i n e  i n  t h e  r a t e  of a d d i t i o n s  
t h e r e a f t e r .  I n  t h e  low growth s c e n a r i o  ( F i g .  7 )  a d d i t i o n s  peak i n  t h e  
e a r l y  1980's wi th  a s h a r p  d e c l i n e  t h e r e a f t e r .  Th i s  d e c l i n e  i s  caused by 
a d e l a y  i n  development of  hot water r e s o u r c e s  and nea r  s a t u r a t i o n  of  t h e  
steam f i e l d .  Binary s y s t e m s  f i r s t  come on l i n e  i n  t h e  1985-90 time 
frame f o r  bo th  s c e n a r i o s ,  but  a r e  q u i t e  l i m i t e d  i n  t h e  low growth c a s e  
throughout t h e  s c e n a r i o  pe r iod .  F l a sh  sys tems appear i n  t h e  ear ly  
1990's f o r  t h e  h igh  growth s c e n a r i o  and i n  t h e  l a t e  1990's for t h e  low 
growth s c e n a r i o .  For both s c e n a r i o s ,  f l a s h  ho t  water  development i s  
l i m i t e d  b e f o r e  2000. 
F igu res  9 through 16 r e p r e s e n t  t h e  county-by-county d e t a i l  
s c e n a r i o s  f o r  bo th  h igh  growth and low growth development p a t h s .  In 
t h e s e  f i g u r e s ,  c a p a c i t y  a d d i t i o n s  a r e  a good s u r r o g a t e  f o r  t h e  year t o  
year  l e v e l  of c o n s t r u c t i o n  a c t i v i t y .  Napa County ( F i g u r e s  15 and 16) 
has  a minimal involvement i n  t h e  s c e n a r i o  b e f o r e  2000 under both  
s c e n a r i o s .  Mendocino County (F igu res  13 and 14) e x p e r i e n c e s  r a p i d  
growth i n  t h e  1990's a f t e r  t h e  a r e a s  c l o s e r  t o  t h e  steam f i e l d  have been 
developed (h igh  growth s c e n a r i o ) .  The pe rcen t  d i f f e r e n c e  between h igh  
growth and low growth s c e n a r i o s  ( b e f o r e  2000) i s  g r e a t e r  i n  Mendocino 
County t h a n  i n  any o t h e r  county.  Under a low growth s c e n a r i o ,  t h e  bulk  
of Mendocino County development would be de layed  u n t i l  a f t e r  2000. 
Sonoma County ( F i g u r e s  11 and 12)  e x p e r i e n c e s  r e l a t i v e l y  slow 
growth u n t i l  h o t  water s y s t e m s  are developed (1985) s i n c e  most of t h a t  
county's  steam development occur red  b e f o r e  1979. Around 1985, a surge 
of ho t  water a c t i v i t y  begins  under t h e  h igh  growth s c e n a r i o .  Under t h e  
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u n t i l  2000. Lake County ( F i g u r e s  9 and 10)  e x p e r i e n c e s  t h e  g r e a t e s t  
amount o f  a c t i v i t y ,  y e t  t h e  l e v e l  o f  a c t i v i t y  remains f a i r l y  c o n s t a n t  
a c r o s s  t i m e  f o r  bo th  high growth and low growth s c e n a r i o s .  F u r t h e r ,  
c a p a c i t y  growth ( F i g u r e  9) i s  r e l a t i v e l y  s t e a d y  f o r  bo th  s c e n a r i o s  i n  
Lake County. 
The county l e v e l  s c e n a r i o s  were t r a n s l a t e d  i n t o  annual  c a p a c i t y  
i n c r e a s e s  f o r  steam (110 MWe) and h o t  water (50-55 MWe) p l a n t s  by 
schedu l ing  plant-on-l ine d a t e s  so a s  t o  minimize r e g i o n a l  year-to-year 
p e r t u r b a t i o n s  i n  d r i l l i n g  a c t i v i t y  and d i r e c t  employment l e v e l s .  The 
r e s u l t i n g  p l a n t  c o n s t r u c t i o n  schedu les  and p l a n t  type d e s i g n a t i o n s  are 
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111. EMPLOYMENT AND IN-MIGRATION EFFECTS OF ELECTRICAL GEOTHERMAL DEVELOPMENT 
D e s c r i p t i o n  -- of t h e  Geothermal I n d u s t r y  Employment Market 
Geothermal power g e n e r a t i o n  i s  g e n e r a l l y  cons ide red  t o  be a c a p i t a l  
i n t e n s i v e  i n d u s t r y .  The amount of money s p e n t  f o r  c a p i t a l  assets  (equip- 
ment and machinery) i s  h igh  and t h e  number o f  employees ( t o t a l  l a b o r  
c o s t )  i s  r e l a t i v e l y  low. There are two major phases  i n  geothermal 
development: 1 )  Exp lo ra to ry  w e l l  d r i l l i n g ,  f i e l d  development and p l a n t  
c o n s t r u c t i o n  and 2 )  t h e  o p e r a t i o n  and maintenance of t h e  p l a n t .  
E x p l o r a t i o n ,  d r i l l i n g  and c o n s t r u c t i o n  a c t i v i t i e s  r e q u i r e  more workers 
t h a n  do t h e  o p e r a t i o n  and maintenance o f  t h e  power p l a n t  and steam 
f i e l d .  Of t en  bo th  phases  occur  c o n t i n u o u s l y  i n  an area such as The 
Geysers where a long ser ies  of p l a n t s  are be ing  b u i l t .  
F i e l d  Opera t ions  
A geothermal  company u s u a l l y  posses ses  no d r i l l i n g  equipment 
i t s e l f ,  and c o n t r a c t s  t h e  d r i l l i n g  t o  a n  "ope ra to r " .  Opera to r s  are 
mobile  d r i l l i n g  companies who use l a r g e  o i l  d r i l l i n g  r i g s  w i t h  a small  
n u c l e u s  o f  r e g u l a r  employees who t r a v e l  w i t h  t h e  o p e r a t o r  and r i g  
wherever i t  goes.  Large o i l - d r i l l i n g - t y p e  r i g s  are used f o r  a l l  deep 
d r i l l i n g  f o r  b o t h  e x p l o r a t o r y  ( s t e p - o u t )  and f i e l d  development ( f i l l - i n )  
wells. The d r i l l  r i g  i s  t y p i c a l l y  o p e r a t e d  24 hour s  a day for 60-120 
days  and r e q u i r e s  a f i e l d  s t a f f  o f  21-24 workers pe r  r i g .  The f i e l d  
s t a f f  is u s u a l l y  d i v i d e d  i n t o  4 crews of 5-6 people e a c h ,  and a r i g  
s u p e r v i s o r .  
I n  a d d i t i o n  to  t h e  f o u r  crews p e r  r i g ,  t h e r e  are o t h e r  r e l a t e d  j o b s  
i n  geothermal  o p e r a t i o n s .  The t y p i c a l  geothermal  development company 
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has  one o r  more d r i l l i n g  foremen who o v e r s e e  a l l  d r i l l i n g  i n  t h e  A 
leasehold by a l l  o p e r a t o r s  under c o n t r a c t .  One o r  more foremen super-  
v i s e  c o n s t r u c t i o n  of roads  and w e l l  pads by a c o n t r a c t e d  crew of about 
t e n  people p e r  s i t e .  These men o p e r a t e  b u l l d o z e r s ,  s c r a p e r s ,  water 
t r u c k s ,  and perform r e l a t e d  l a b o r .  Another foreman s u p e r v i s e s  con t r ac -  
t e d  workers who r e p a i r  equipment , t e s t  w e l l s  , b u i l d  m u f f l e r s ,  perforni 
r e v e g e t a t i o n  work, and do o t h e r  r e l a t ed  t a s k s .  A geothermal  company 
o c c a s i o n a l l y  c o n t r a c t s  f o r  s p e c i a l  s e r v i c e  pe r sonne l  such as welders ,  
r o u s t a b o u t s ,  su rveyor s ,  backhoe o p e r a t o r s ,  d r i l l i n g  mud e n g i n e e r s ,  mul- 
c h e r s ,  s e c u r i t y  gua rds ,  and heavy equipment h a u l e r s .  The company may 
a l s o  employ, o r  c o n t r a c t  s e r v i c e s  o f ,  r e s e r v o i r  e n g i n e e r s ,  mechanical 
and c i v i l  e n g i n e e r s ,  g e o l o g i s t s ,  and e c o l o g i s t s  as r e q u i r e d .  I n  a l a r g e  
s c a l e  geothermal o p e r a t i o n ,  a c t i v i t y  i s  f a i r l y  c o n s t a n t ,  depending upon 
t h e  g r a n t i n g  o f  d r i l l i n g  pe rmi t s .  
With 9 r i g s  o p e r a t i n g  i n  t h e  Lake-Sonoma Geysers area ( J a n .  1979) 
w i t h  24 men p e r  r i g ,  t h e r e  are approximately 220 " s l o t s "  o r  d r i l l i n g  
jobs  a t  any one t i m e .  Yet t h e r e  may be 250-300 d r i l l e r s  l i v i n g  i n  t h e  
su r round ing  a r e a .  The l a b o r  market i s  v e r y  f l u i d  w i t h  pe r sonne l  changes 
o c c u r r i n g  a l l  t h e  t i m e .  However, t h e  demand f o r  l a b o r  i s  r e s t r i c t e d  t o  
t h i s  pool o f  s p e c i a l l y  s k i l l e d  i n d i v i d u a l s .  It i s  ve ry  d i f f i c u l t  f o r  an  
o u t s i d e r ,  e s p e c i a l l y  an  u n s k i l l e d  one ,  t o  break i n t o  t h e  Ilpool". Even 
f o r  a s k i l l e d  new a r r i v a l ,  g e t t i n g  a j o b  o f t e n  r e q u i r e s  p e r s o n a l  con- 
t a c t s  and i n s i d e  in fo rma t ion .  
Steam workers m a i n t a i n  a v e r y  t r a n s i e n t  l i f e s t y l e  i n  t h e  p u r s u i t  of 
t h e i r  work. S ince  t h e  d r i l l i n g  r i g s  are q u i t e  mobile ,  t h e  workers must 
be a l s o .  The m a j o r i t y  of d r i l l e r s  seem t o  "flow" throughout  t h e  coun t ry  
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a s  word of new j o b s  sp reads .  They may only s t a y  i n  an a r e a  a f e w  yea r s  
even though d r i l l i n g  c o n t i n u e s  f o r  some t ime.  I f  they f i n d  i t  d i f f i c u l t  
t o  g e t  a j o b  a f t e r  a few months i n  Lake County, they may move t o  
Sacramento, B a k e r s f i e l d ,  Long Beach, o r  ou t  of s t a t e .  Some move t h e i r  
f a m i l i e s  on ly  a f t e r  t hey  have secured  employment f o r  some l e n g t h  of 
time . 
Power P l a n t  Cons t ruc t ion  
Power p l a n t  c o n s t r u c t i o n  ex tends  over  an 2 2  t o  26 month pe r iod  and 
employs a peak of about 80 people f o r  a 110-120 MWe p l a n t  ( s e e  F igu re  
1 9 ) .  50-55 MWe u n i t s  r e q u i r e  somewhat l e s s  c o n s t r u c t i o n  e f f o r t .  
Employment s c a l i n g  f a c t o r s  of 0.66 f o r  55 MWe steam o r  f l a s h  ho t  water  
p l a n t  c o n s t r u c t i o n  l abor  requi rements  and of 0.71 f o r  b i n a r y  p l a n t s  were 
ob ta ined  from r e c e n t  r e p o r t s  by MITRE Corp. (1978) and by SKI (1977).  
PG&E, which o p e r a t e s  t h e  e x i s t i n g  Geysers Power P l a n t ,  m a i n t a i n s  a gen- 
e ra l  c o n s t r u c t i o n  crew of 10-12 f o r  s u p e r v i s i o n  of  power p l a n t  cons t ruc -  
t i o n  and o t h e r  misce l l aneous  work. 
Power P l a n t  Opera t ion  
Opera t ion  and maintenance of t h e  e x i s t i n g  power plants requi red  a 
PGGE s t a f f  of 45 i n  1976 and a s t a f f  of about 50 w i t h  t h e  a d d i t i o n  of 
Unit  12 ( s e e  Table 7 ) .  For each new p l a n t ,  PG&E a n t i c i p a t e s  a need of 
o n l y  4 a d d i t i o n a l  o p e r a t i o n a l  employees, s i n c e  each p l a n t  i s  t o  be con- 
nec ted  t o  t h e  mas te r  c o n t r o l  c e n t e r  a t  U n i t s  5 and 6 .  With t h e  com- 
p l e t i o n  of  U n i t s  13 ,  14 ,  and 15,  t h e  PG&E o p e r a t i o n  and maintenance 
s t a f f  w i l l  i n c r e a s e  t o  about  60 peop le ,  Base p l a n t  s t a f f s  w i l l  be 
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Environmental data statement 
Geysers unit 13, PG&E 
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Fig. 19 .  Local employment resulting from operation of unit 13 
(by quor ters ) 
XBL 773-505A 
Table 7 
Work Force - Operationand Maintenance of PGEE's 12 Power Plants 
A 50-person work force is necessary for The Geysers Power Plant: 
1 Plant Superintendent 
1 Operating Foreman 
1 Shift Foreman 
2 Maintenance Foremen 
15 Shift Operators 
8 Machinists 
6 Electricians 
1 Control Technician 
2 Instrument Repairmen 
2 Certified Riggers 
1 Rigger 
5 Helpers 
2 Office Clerks 
1 Material Facility Man 
1 Power Plant Engineer 
1 Tool Clerk 
For unit overhauls, this force is supplemented by approximately six men 
brought in from other plants in the San Francisco area. 
SOURCE: Environmental Data Statement, Geysers Unit 13, PGGE, and personal 
discussion with PG&E personnel, 1979. 
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u n i t s  w i th  subsequent s t a f f  a d d i t i o n s  comparable t o  PG&E estimates. 
Scenario-Related D i r e c t  Employment 
Components of Direct Labor 
D i r e c t  employment a s s o c i a t e d  wi th  t h e  geothermal development 
s c e n a r i o s  developed f o r  t h i s  s t u d y  w i l l  be t h e  t o t a l  of t h r e e  com- 
ponents :  p l a n t  c o n s t r u c t i o n ,  p l a n t  o p e r a t i o n ,  and f i e l d  development and 
o p e r a t i o n .  Data f o r  t h e  f i r s t  two of t h e s e  components were t aken  from 
F igures  1 7  and 18 f o r  t h e  phasing o f  p l a n t  c o n s t r u c t i o n  and o p e r a t i o n ,  
and from V o l l e n t i n e ,  Kunin and Sathaye (1977)  f o r  t h e  d i s t r i b u t i o n  o f  
d i r e c t  l abo r  ove r  t i m e  f o r  each i n d i v i d u a l  p l a n t .  A base  s t a f f  of 20 
was assumed as  t h e  o p e r a t i o n a l  f o r c e  f o r  t h e  f i r s t  p l a n t  brought  on l i n e  
by each new u t i l i t y  company ( t h e  average response from a v a r i e t y  o f  
government and i n d u s t r y  personnel  q u e r i e d )  w i t h  subsequent p l a n t s  
r e q u i r i n g  inc remen ta l  s t a f f  a d d i t i o n s  similar t o  t h o s e  p r o j e c t e d  by PG&E 
( 4  p e o p l e / p l a n t ) .  
D r i l l i n g  a c t i v i t y  i n c l u d e s  bo th  e x p l o r a t o r y  d r i l l i n g  and f i e l d  
development d r i l l i n g  t o  support  planned power p l a n t  expansion and can 
t a k e  place s e v e r a l  years b e f o r e  a p l a n t  a c t u a l l y  goes on l i n e .  H i s t o r i -  
c a l  p a t t e r n s  of d r i l l i n g  a c t i v i t y  were o b t a i n e d  from t h e  C a l i f o r n i a  
D i v i s i o n  of O i l  and Gas d a t a  and were compared t o  e x i s t i n g  and planned 
power p l a n t  expans ions .  The r e s u l t i n g  ave rage  p a t t e r n  o f  e x p l o r a t o r y  
and f i e l d  development d r i l l i n g  i n  advance o f  a new p l a n t  was used as  a 
base t o  c h a r a c t e r i z e  a l l  d r i l l i n g  a c t i v i t y  and a s s o c i a t e d  employment 
throughout  t h e  per iod covered by t h e  s c e n a r i o .  
D r i l l i n g  employment was a l l o c a t e d  t o  s p e c i f i c  c o u n t i e s  acco rd ing  t o  
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t h e  l o c a t i o n  of t h e  power p l a n t  which d r i l l i n g  a c t i v i t y  suppor t ed .  It 
i s  p o s s i b l e  t h a t  any s p e c i f i c  county may not " f ee l "  some of t h i s  d r i l -  
l i n g  a c t i v i t y  s i n c e  p a y r o l l s ,  company o f f i c e s  and employee r e s i d e n c e s  
may be p h y s i c a l l y  l o c a t e d  elsewhere.  It i s  a l s o  p o s s i b l e  t h a t  d r i l l i n g  
a c t i v i t y  f o r  a p l a n t  t o  be l o c a t e d  i n  one county may occur  i n  a d i f -  
f e r e n t  county.  Some e r r o r  w i l l  t h e r e f o r e  e x i s t  i n  t h e  a b s o l u t e  numbers 
p re sen ted  i n  t h e  county l e v e l  employment t a b l e s .  However, t h i s  e r r o r  i s  
s m a l l  w i t h  r e s p e c t  t o  t h e  o v e r a l l  magnitude o f  t h e  f o r e c a s t  d i r e c t  
emp 1 oyme n t . 
Forecas t  Leve l s  of Employment 
From t h e  d a t a  d e s c r i b e d  above, employment p a t t e r n s  a s s o c i a t e d  w i t h  
each s c e n a r i o  were c a l c u l a t e d  and a re  p resen ted  on F i g u r e s  20 ,  21 and 22 
f o r  t h e  i n d i v i d u a l  c o u n t i e s  and t h e  r e g i o n  as  a whole, and are  summar- 
i z e d  i n  Tab le  8. The f l u c t u a t i o n  shown between a d j a c e n t  y e a r s  i s  based 
on t h e  assumed d i s t r i b u t i o n  o f  p l a n t  c o n s t r u c t i o n  w i t h i n  each f i v e  y e a r  
p e r i o d  and i s  t h u s  somewhat a r t i f i c i a l .  In e f f e c t ,  we assumed t h a t  con- 
s t r u c t i o n  o f  each p l a n t  began on January 1st and ended on December 31st 
of the following year. In r e a l i t y ,  construction s t a r t  t i m e s  for ind iv i -  
d u a l  p l a n t s  would va ry  throughout  t h e  yea r .  T h i s  w i l l  dampen t h e  s h a r p  
i n c r e a s e s  and d e c r e a s e s  i n  employment shown i n  F i g u r e s  20-22 between 
a d j a c e n t  y e a r s ,  bu t  w i l l  no t  a l t e r  t h e  o v e r a l l  t r e n d  i n  employment o r  
t h e  peak employment l e v e l s .  
It should be no ted  t h a t  d i r e c t  employment l e v e l s  are low. In t h e  
h igh  growth s c e n a r i o ,  Lake County peaks a t  about  475 employees (1993) 
w i t h  t h e  r e g i o n a l  t o t a l  peaking a t  855 i n  1996. While t h e s e  numbers are 
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Fig. 20. Direct Geothermal Employment 
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Regional Direct Geothermal Employment 
High Growth Scenario 
Lake Sonoma Mendocino Napa 
174 189 
247 128 




329 199 27 
408 203 . 78 
427 219 51 
421 161 35 
494 114 86 
465 150 55 33 
404 166 39 85 
464 121 a7  51 
478 162 91 4 
406 200 122 4 
429 174 165 30 
464 134 171 86 
418 169 175 55 
442 206 174 8 
349 132 100 8 
























Low Growth Scenario 













































No employment i n  Napa for low growth scenario.  
SOURCE: Environmental Data Statement, Geysers Unit 13, PGEE, and pe’rsonal discussion with 



















































percent  of t h e  p r o j e c t e d  work f o r c e  ( f o r  Lake County i n  1993) and f a r  
l ess  than 1 pe rcen t  o f  t h e  r e g i o n a l  work f o r c e  ( i n  1996).  
Other s i g n i f i c a n t  i n fo rma t ion  can  be ob ta ined  from Table 8 and 
Figures  20-22. F i r s t ,  t h e  most r a p i d  growth pe r iod  f o r  employment 
occur s  a t  t h e  beginning o f  t h e  geothermal a c t i v i t y  included i n  t h e  
s c e n a r i o  f o r  each county.  T h i s  pe r iod  i s  c u r r e n t l y  w e l l  under way ( i f  
not completed) i n  Lake and Sonoma Counties .  Second, a f t e r  a n  i n i t i a l  
surge i n  employment, county d i r e c t  employment remains r e l a t i v e l y  con- 
s t a n t  throughout  t h e  s c e n a r i o  pe r iod .  Except ions t o  t h i s  t r e n d  occur  
p r i n c i p a l l y  i n  t h e  c o u n t i e s  where ve ry  l i t t l e  a c t i v i t y  occur s  a t  a l l  
( e . g .  Napa County, o r  Mendocino County on t h e  low growth s c e n a r i o ) .  
T h i r d ,  t h e  y e a r s  1998 through 2000 are s t r o n g l y  in f luenced  by t h e  
d e f i n e d  end o f  t h e  s c e n a r i o .  T h i s  c u t o f f  d a t e  i n  no way c o i n c i d e s  wi th  
t h e  end o f  c o n s t r u c t i o n  a c t i v i t y  i n  t h e  r e g i o n  (which w i l l  
o ccu r  w e l l  a f t e r  2000). However, t h e  employment d e c r e a s e s  shown h e r e  
f o r  1999 and 2000 may be i n d i c a t i v e  of ( b u t  somewhat more s e v e r e  t h a n )  
what might be expected when expansion of  t h e  geothermal e l e c t r i c a l  capa- 
c i t y  i n  t h e  r e g i o n  a c t u a l l y  does end. 
a n t i c i p a t e d  
F i n a l l y ,  Table 9 compares t h e  d i r e c t  employment impacts  o f  t h e  
h igh  and low growth s c e n a r i o s .  No s i g n i f i c a n t  d i f f e r e n c e  appea r s  u n t i l  
1984 and 1985, as was d i s c u s s e d  i n  t h e  s c e n a r i o  development s e c t i o n  o f  
t h i s  r e p o r t .  D i f f e r e n c e s  t h a t  do appear  are r e l a t i v e l y  smal l .  It i s  
not  l i k e l y  t h a t  geothermal development w i l l  occur  f a s t e r  t h a n  t h e  h igh  
growth s c e n a r i o  used h e r e  nor  t h a t  i t  w i l l  occur  s lower t h a n  t h e  low 
growth s c e n a r i o .  Thus, t h a t  p o r t i o n  o f  d i r e c t  employment which is  sus-  

























Table  9 
D i f f e r e n c e  Between High Growth and Low Growth S c e n a r i o s  
For County and Regional D i r e c t  Employment 







97 62 27 
123 80 78 
166 14 8 51 
109 137 31 
178 90 86 
268 78 55 33 
201 43 39 85 
21 3 46 87 51 
223 134 91 4 
151 172 74 4 
233 146 7 8  30 
225 106 120 86 
179 141 171 55 
226 178 170 8 
157 104 96 8 
























*Number of employees (High Growth Scenario minus Low Growth Scenario) 
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n 
t h a t  employment shown on Table 9 .  I n  Lake County, f o r  example, Table  9 
shows a county wide d i f f e r e n c e  of on ly  200+ employees, which r e p r e s e n t s  
approximately 1% of t h e  p r o j e c t e d  county work f o r c e  i n  1990. Th i s  does 
not  s a y  t h a t  s i g n i f i c a n t  impacts w i l l  no t  occur b u t  r a t h e r  t h a t  t h e i r  
real  impact appears  t o  a c c r u e  a t  a s c a l e  lower t h a n  county l e v e l .  While 
t h e  numbers f o r  Mendocino coun ty ,  f o r  example, are  smal l ,  i t  i s  probable  
t h a t  t h e i r  impact w i l l  be s i g n i f i c a n t  s i n c e  t h e  employment w i l l  be  con- 
c e n t r a t e d  i n  t h e  s o u t h e a s t  c o r n e r  of t h e  county.  T h i s  area i s  not den- 
s e l y  popu la t ed ,  and t h u s  would be s u s c e p t i b l e  t o  impacts f a r  g r e a t e r  
t h a n  t h o s e  i n d i c a t e d  from county l e v e l  numbers. 
Scenario Related Induced Employment 
New a c t i v i t y  i n  one s e c t o r  g e n e r a t e s  a c t i v i t y  i n  o t h e r  s e c t o r s  o f  
t h e  l o c a l  economy. Thus, through d i r e c t  purchase of a v a r i e t y  of equip- 
ment, goods and s e r v i c e s ,  and through t h e  p e r s o n a l  spending of employ- 
ees, geothermal  a c t i v i t y  w i l l  c reate  new a c t i v i t y  i n  o t h e r  s e c t o r s .  The 
a c t i v i t y  i n  o t h e r  s e c t o r s  i s  "induced a c t i v i t y " .  The new employment i n  
o t h e r  s e c t o r s  r e s u l t i n g  from new geothermal a c t i v i t y  i s  c a l l e d  induced 
employment. The r a t i o  o f  t o t a l  new employment ( d i r e c t  p l u s  induced)  
d iv ided  by t h e  d i r e c t  employment i s  c a l l e d  a n  employment m u l t i p l i e r .  
Employment m u l t i p l i e r s  f o r  a s i n g l e  geothermal power p l a n t  have been 
e s t ima ted  by PG&E, were r e p o r t e d  by V o l l e n t i n e ,  Kunin and Sathaye 
(19771, and are  shown on F igure  9. Two assumptions were made i n  u s i n g  
t h e s e  f i g u r e s  f o r  t h e  c u r r e n t  s tudy .  F i r s t  i t  was assumed t h a t  each 
p l a n t  a f f e c t s  t h e  economy independent of  t h e  i n f l u e n c e  of  o t h e r  p l a n t s .  
Th i s  w i l l  s l i g h t l y  o v e r e s t i m a t e  induced employment s i n c e  t h e  a c t u a l  
cumulat ive e f f e c t  of t h e  s imultaneous c o n s t r u c t i o n  of s e v e r a l  p l a n t s  
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w i t h i n  a s i n g l e  r e g i o n  w i l l ,  i n  g e n e r a l ,  be s l i g h t l y  less than  t h e  
e f f e c t  of one p l a n t  m u l t i p l i e d  by t h e  number of p l a n t s  under  cons t ruc-  
t i o n .  As a r e s u l t ,  t h e  induced employment c a l c u l a t e d  h e r e  more 
c o r r e c t l y  r e p r e s e n t s  a n  upper bound on induced employment than  a f o r e -  
c a s t  of actual induced employment l e v e l s .  Secondly,  i t  w a s  assumed t h a t  
induced employment l e v e l s  f o r  h o t  water  p l a n t s  w i l l  f o l low t h e  same p a t -  
t e r n  shown f o r  steam p l a n t s  and w i l l  be s c a l e d  p r o p o r t i o n a l l y  t o  t h e  
d i r e c t  employment r a t i o s  of ho t  water t o  steam p l a n t s .  No s i g n i f i c a n t  
e r r o r  i s  a n t i c i p a t e d  from t h i s  assumption. Employment m u l t i p l i e r s  used 
h e r e  were c a l c u l a t e d  s e p a r a t e l y  f o r  each q u a r t e r  of t h e  two y e a r  p l a n t  
c o n s t r u c t i o n  pe r iod  f o r  each new power p l a n t .  
The r e s u l t i n g  e s t ima ted  induced and t o t a l  employment l e v e l s  f o r  
each county f o r  bo th  t h e  high and low growth s c e n a r i o s  a r e  shown i n  
Table  10. 8) 
w i t h  r e g i o n a l  induced employment (from Table  10) f o r  t h e  h i g h  growth 
s c e n a r i o .  While t h e  aggrega te  m u l t i p l i e r  v a r i e s  from y e a r  t o  year  as a 
f u n c t i o n  of t h e  s p e c i f i c  number and type  of p l a n t s  under c o n s t r u c t i o n  
and o p e r a t i o n ,  and of t h e  p a r t i c u l a r  phase of c o n s t r u c t i o n ,  i t  g e n e r a l l y  
F i g u r e  23 compares r e g i o n a l  d i r e c t  employment ( f rom Table  
hovers a t  or just above t w o .  T h e  reg iona l  economy shows s t r o n g  p o s i t i v e  
responses  t o  even g r a d u a l  i n c r e a s e s  i n  d i r e c t  employment ( s e e  1982-87 
and 1995-1996 on F i g u r e  23). It should a l s o  be noted  t h a t  t h e  pe r iod  
1986 t o  1993 shows r e l a t i v e l y  c o n s t a n t  d i r e c t  and i n d i r e c t  employment 
(e .g .  l i t t l e  growth i n  employment). The su rge  a f t e r  1993 i s  a s s o c i a t e d  
p r i m a r i l y  w i t h  new a c t i v i t y  i n  Napa and Mendocino c o u n t i e s ,  wh i l e  
employment i n  Lake and Sonoma c o u n t i e s  remains r e l a t i v e l y  c o n s t a n t  a f t e r  
1983. This  p a t t e r n  of s t a b l e  long-term employment has  many advantages  





Induced Employment By County 
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Low Growth Scenario 
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Fig. 23. Regional D i r e c t  and Induced Employment 
f o r  t h e  High Growth Scena r io  
expanded geothermal a c t i v i t y  i n  Lake and Sonoma Counties ( e . g .  
i nc reased  i n m i g r a t i o n )  w i l l  happen p r i m a r i l y  be fo re  1983. 
- I n m i g r a t i o n  Resu l t ing  From E l e c t r i c a l  Geothermal Development 
Annual Ava i l ab le  Jobs 
The d i r e c t  and i n d i r e c t  employment l e v e l s  p re sen ted  i n  t h e  p rev ious  
s e c t i o n  r e p r e s e n t  t o t a l  employment f o r  each y e a r .  The number of people 
mig ra t ing  i n t o  a county t o  work, however, w i l l  be based on t h e  number of 
new jobs  a v a i l a b l e  i n  any yea r .  The number of new jobs  i n  any year  
equa l s  t h e  t o t a l  number of j obs  a v a i l a b l e  i n  t h a t  year minus t o t a l  
number of  j obs  a v a i l a b l e  i n  t h e  p rev ious  yea r  ( s e e  Tables  11 & 1 2 )  p l u s  
the  number of  replacement openings occur ing  du r ing  t h e  yea r .  As can  be 
seen ,  i n  some yea r s  t h e r e  i s  a n e t  l o s s  of j o b s ,  and a f t e r  t h e  i n i t i a l  
surge of new jobs  t h e r e  a r e  ve ry  f e w  yea r s  where t h e r e  is  a l a r g e  number 
of n e t  new jobs  e i t h e r  i n  one of t h e  c o u n t i e s  o r  i n  t h e  r e g i o n  a s  a 
-
t h e  
who l e .  
Not a l l  of  t h e  d i r e c t  employment jobs  shown on Table 11 a r e  a v a i l a -  
b l e  t o  in-migrants .  As e x i s t i n g  j o b s  end, an in-county pool o f  a v a i l a -  
b l e  l a b o r  i s  c r e a t e d  which w i l l  absorb  a l a r g e  p o r t i o n  of t h e  next 
year's new p o s i t i o n s .  When i n  any one year  t h e  number of in-county 
employees e n t e r i n g  t h i s  geothermal l abor  pool exceeds t h e  number of 
a v a i l a b l e  jobs  ( n e g a t i v e  numbers on Table 111, a c a r r y  over  r e g i o n a l  
l a b o r  pool is c r e a t e d .  It has  been noted t h a t  such a l a b o r  pool i n  t h i s  
i n d u s t r y  i s  ex t remely  f l u i d .  Thus a p o r t i o n  of  t h i s  pool may be expected 
t o  leave t h e  r e g i o n  i f  no work i s  immediately a v a i l a b l e .  However, t hose  






























High Growth Scenario 
1 .  
Mendo- 
Lake Sonoma c ino  Napa 
175 189 
72 - 61 
4 0 
20 1 2  
34 - 10 
30 29 
- 6  40 
79 4 
19 16 
- 6 - 5 8  
73 - , 47  
- 29 36 
- 61 16 
60 - 45 
14 41 
- 72 38 
23 - 26 
35 - 40  
- 46 35 
24 37 
- 93 - 74 
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NUMBER OF N E W  JOBS 
LOW Growth Scenario 
Mendo- 
Lake Sonoma cino Napa 
174 189 




- 3  9 
- 59 - 15 
53 - 14 
- 24 - 52 




48 - 48 
4 - 47 
0 0 48 
- 59 0 39 
43 0 - 36 
0 0 - 47 
- 23 0 0 
- 24 0 0 
- 68 0 0 
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68 - 27 
- 11 - 16 
- 47 51 
- 12 - 31 33 
- 35 - 16 52 
3 48 - 34 
88 4 - 47 
38 - 17 0 
- 26 4 26 
- 40 42  56 
3s 51 - 31 
37 - 1  - 47 
- 74 - 74 0 
- 68 - 68 0 
Region. 
















































Annual Availability of New Induced Jobs Created by Activity in  
the Electric Geothermal Industry 
NUXBER OF NEW JOBS 
High Growth Scenario 
Mendo- 




































































































Low Growth Sce 
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2 86 - 
-7 1 - 
-51 - 













































Difference Between Hieh and Low 
Mendo- 






































































a v a i l a b l e  w i t h i n  t h e  r e g i o n  ( V o l l e n t i n e ,  Kunin and Sathaye,  1977). No 
d a t a  were a v a i l a b l e  t o  e s t i m a t e  how many workers move between c o u n t i e s  
i n  t h e  r e g i o n ,  o r  how soon they  might leave t h e  Geysers r e g i o n  i f  no 
work i s  a v a i l a b l e .  I t  was t h e r e f o r e  assumed t h a t  h a l f  of t h e  workers 
e n t e r i n g  t h e  excess  pool i n  any g iven  year  would l e a v e ,  wi th  t h e  
remaining workers having a weighted p re fe rence  f o r  a v a i l a b l e  jobs  i n  t h e  
r e g i o n  t h e  fo l lowing  y e a r .  
I n - m i g r a t i o n  P a t t e r n s  
Using t h i s  j o b  a l l o c a t i o n  scheme, t h e  number of  j obs  a v a i l a b l e  t o  
i n m i g r a n t s  i n  t h e  geothermal i n d u s t r y  f o r  t h e  h igh  and low growth 
s c e n a r i o s  i s  shown on Table 13. We assumed t h a t  a l l  newly c r e a t e d  indu- 
ced j o b s  would be a v a i l a b l e  t o  i n - m i g r a n t s  s i n c e  d a t a  were not  a v a i l a b l e  
t o  p repa re  an a l l o c a t i o n  scheme i n  a l l  l o c a l  economic s e c t o r s .  The 
average  number of i n m i g r a n t  geothermal workers w i th  f a m i l i e s  was 
o b t a i n e d  from estimates by v a r i o u s  i n d u s t r y ,  coun ty ,  and s t a t e  person- 
n e l .  S i m i l a r  d a t a  for induced employees and f o r  average fami ly  composi- 
t i o n  were o b t a i n e d  from t h e  C a l i f o r n i a  S t a t e  Department of Finance d a t a  
base  used f o r  s t a t e  p o p u l a t i o n  p r o j e c t i o n s .  The r e s u l t i n g  n e t  in-  
m i g r a t i o n  (county  t o t a l  in -migrants  minus geothermal workers l e a v i n g  t h e  
r e g i o n  from t h e  excess  poo l )  i s  shown on Table 14. The d i f f e r e n c e  i n  





New Geothermal Industry Jobs Available to Inmigrants By Year 
Number of New Jobs 


































































































496 333 145 77 
Region 




































































































HIGH GROWTH SCENARIO 
Mendo- 



















































- 32 271 
82 187 
82 - 58 
44 - 91 
258 - 32 
161 153 
128 187 
64 - 57 
-124 - 88 
-245 - 51 







































































- 1  
- 2  
- 69 
- 1 1  
-135 
1161 
LOW GROWTH SCENARIO 
Mendo- 




- 44 0 
- 41 0 
- 9  0 
28 0 
- 82 0 
- 59 0 
- 96 0 




- 58 0 
- 41 19 
- 44 198 
0 109 
- 8  - 76 
0 - 44 
0 - 34 











































































Table 15  
Differences Between High and Low Growth Scenarios f o r  

























Lake Sonoma Plendocino Napa 
2 - 1  
177 300 
1 1 2  - 14 
71 - 24 
79 25 
34 3 30 
210 201 51 
366 224 31 3 
31 2 160 109 
96 129 57 
54 25 57 
102 -116 10 25 
18 - 99 - 32 271 
- 19 - 62 82 187 
52 97 82 - 58 
-142 196 25 - 91 
22 146 60 - 32 
118 - 18 52 153 
- 34 - 20 204 187 
46 31 108 - 57 
-1 22 - 76 - 90 - 88 
-187 -230 -229 - 51 




















































Di rec t Use A f i l  i ca t i o n s  .. - - - - -. 
The dry steam f i e l d  a t  The Geysers is  of l i m i t e d  geographic  e x l e n t  
( F i g u r e s  1 and 2 ) .  T h e  steam f i e l d  is boutided on t lw southwest  by t l ~ e  
M e r c u r y v i l l e  f a u l t  zone and on  t h e  n o r t h e a s t  by t h e  Collayoini f a u l t  
zone. Ou t s ide  t h i s  steam b e a r i n g  zone is a l a r g e  a r e a  which i s  inore 
l i k e l y  t o  c o n t a i n  l iquid-dominated geothermal r e s o u r c e s .  
Geotherillal hot  water has many p o t e n t i a l ,  economical ly  f e a s i b l e  
n o n - e l e c t r i c a l  u s e s  (Table  16) .  However, d i r e c t  u s e  of geothermal  
energy has had a slow s ta r t  i n  t h e  Geysers r eg ion  p a r t l y  because a t t e n -  
t i o n  has  been drawn t o  t h e  d r y  steam r e s o u r c e  w h i c h  i s  so w e l l  s u i t e d  
f o r  e l ec t r i ca l  g e n e r a t i o n .  People i n  o t h e r  areas of t h e  U . S .  and abroad 
have a l r e a d y  d i r e c t l y  employed geothermal energy for many n o n - e l e c t r i c  
u ses .  Most of t h e  e x i s t i n g  a p p l i c a t i o n s  are commercially v i a b l e  and 
have d i s p l a c e d  s i g n i f i c a n t  amounts of c o n v e n t i o n a l  f u e l s .  I n  t h e  
Geysers r e g i o n ,  t h e  v a r i o u s  d i r e c t  u s e s  could e i t h e r  u se  lower tempera- 
t u r e  r e s o u r c e s  independent of e lectr ical  p roduc t ion ,  or  be coupled w i t h  
e lec t r ica l  p l a n t s .  Non-electr ic  u s e  of t h e  geothermal  f l u i d s  could h e l p  
t o  s h a r e  t h e  c a p i t a l  c o s t s  of wells and p i p e l i n e s ,  supply a n  a d d i t i o n a l  
means of c o o l i n g  t h e  f l u i d s ,  and the reby  improve t h e  thermodynamic e f f i -  
c i ency  of t h e  e n t i r e  system. Thus, f e a s i b l e  d i r e c t  u s e s  of geothermal  
energy might encourage earlier o r  more e x t e n s i v e  e lec t r ica l  u s e  of 
l iquid-dominated r e s o u r c e  areas nea r  The Geysers.  However, such cogen- 
e r a t i o n  systems have no t  been cons ide red  i n  e lec t r ic  s c e n a r i o  develop- 
ment f o r  t h i s  s t u d y  and a re  no t  f o r e c a s t  t o  occur  b e f o r e  2000. 
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Table 16 
Classification Scheme For The Geothermal Energy 





5 .  
6. 




Space cooling, air conditioning 






Melting snow and ice on driveways 
and roads; unfreezing of sewer 
lines in arctic rural areas 
B. Balneology/Tourism E. 
1. , Health spas 
2. Hospitals, sanatoriums 
3. Tourist centers and resorts 
4 .  Bottled water 
C. Agricultral 
1. Greenhouses for vegetables, 
flowers, tree seedlings 
2. Hot-beds, hot-houses 
3.. Soil warming 
4 .  Animal husbandry-heating of 
fowl runs, pigsties, cattle 
breeding 
5. Irrigation 
6. Water desalination 
7 .  Cooling for food storage 
8. Thermal food culture-seaweed, 
9. Frost protection 
algae 
10. Plant cooling and humidity 
11. Pest and disease control 
control 
12. Fish culture (aquaculture 
and mariculture) pond cul- 
ture, cage culture, flowing 
water culture; ayn, Farp. 
catfish, eels, flatfish, 
lobster, mussels, oysters, 
rainbow trout, seabream, 
shrimp, whitefish, yellow 
tail; breeding of alligators 
and crocodiles 
D. Agri-Business 
1. Drying-fish meal, grain, hay, 
2 .  Canning 
3.  Refrigeration 
4 .  Freeze drying-coffee, fish, 
paprika, rice, tobacco 
fruit juices, meat, mush- 
rooms, onions, shrimp, SOUPS 
5. Brewing and distillation 
6 .  Sugar processing and refining 
7 .  Pasteurization of milk 
8. Production of dried milk, 
casein, and sucrose 
9. Seaweed harvesting and manu- 
facture of alginates 
Cold for the production of 
protein and vitamin pre- 
parations 
11. Rice processing 
12. Cheese processing 
13. Dehydrated potato products 
Electrical 
10. 
1. Dry steam 
2 .  Wet steam - low salinity 
3. 
4 .  
Wet steam - high salinity 
Low enthalpy - less than 356'F 
F. Industrial 
1. De-icing 
2 .  Space heating 
3. Refrigeration 
4. Pulp and paper manufacture 
5. Timber seasoning and drying, 
6. Hemp processing 
7 .  Textile processing, wool 
8. Manufacture of plastic ex- 
9. Gasification of coal 
sawmi 11 s 
washing and drying 
plosives 
10. Hot feedwater for solarcstills 
11. Cold for the production of 
synthetic rubber 
12. Sewage heat treatment 
G. Minerals Recovery and Production 
1. Diatomite production 
2.  Chemicals production-ammonia, 
ammonium-carbonate, chloride 
and sulfate, anhydrous gyp- 
sum, borax, boric acid, boron, 
bromine, calcium chloride, 
chlorine, dry ice, heavy water, 
hydrogen for fertilizers and 
for fuel, hydrogen chloride, 
iodine, lithium, magnesium, 
magnesium chloride, methane 
recovery for peak heating 
demands, methanol production 
for fuel, potassium chloride, 
soda ash, sodium bicarbonate, 
sodium chloride, sulfur 
3. Recovery of trace elements 
4. Fermentation-ethyl alcohol, 
5.  Cement drying and curing 
6 .  All-weather mining 
7. Minerals recovery-gold, zinc, 
butanol, acetone, citric acid 
titanium, silver, lead, tin 
beryllium, copper, antimony 
SOURCE: Peterson and El-Ramly, 1976. 
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I n  o r d e r  t o  become a r e a l i t y ,  any p o t e n t i a l  u s e  of geothermal  
energy must be t e c h n i c a l l y  f e a s i b l e ,  economical ly  v i a b l e ,  and p o l i t i -  
c a l l y  a c c e p t a b l e .  T h i s  s e c t i o n  p r e s e n t s  an  a n a l y s i s  of t h e  f a c t o r s  
a f f e c t i n g  t h e  f e a s i b i l i t y  and d e s i r a b i l i t y  of d i r e c t  u s e s  of geothermal 
energy i n  t h e  Geysers r e g i o n  and p r e s e n t s  a t e n t a t i v e  s c e n a r i o  f o r  t h e  
development p a t h  of d i r e c t  u s e s  w i t h i n  t h e  r eg ion .  
S e v e r a l  n o n - e l e c t r i c a l  u s e s  of geothermal energy which show t h e  
most p o t e n t i a l  f o r  u se  i n  t h e  n e a r  f u t u r e  w i l l  be d e s c r i b e d ,  a long  w i t h  
estimates of t h e i r  p h y s i c a l  and energy r equ i r emen t s .  An a t t e m p t  i s  made 
to  p o i n t  o u t  which d i r e c t  u s e s  are  most l i k e l y  t o  be f e a s i b l e  i n  t h e  
Geysers r e g i o n ,  and t h e  e x t e r n a l  f a c t o r s  which may i n f l u e n c e  t h e  emer- 
gence and s u c c e s s  of t h o s e  d i r e c t  u s e  a p p l i c a t i o n s .  T h i s  s e c t i o n  is 
i n t ended  t o  p rov ide  i n f o r m a t i o n  necessa ry  t o  c l a r i f y  t h e  c h o i c e s  a v a i l -  
a b l e  t o  t h e  community f o r  t h e  u s e  of l o c a l  geothermal  r e s o u r c e s .  
Suggested Criteria - f o r  Asses s ing  F e a s i b i l i t y  - of Direct - Use A p p l i c a t i o n s  
Many p o s s i b l e  c r i t e r i a  could be used t o  judge t h e  s u i t a b i l i t y  of 
d i r e c t  u s e s  of geothermal energy.  The c h o i c e  of c r i t e r i a  is an  impor- 
t a n t  s t e p  i n  t h e  p l ann ing  p r o c e s s  and c a n  g r e a t l y  i n f l u e n c e  which of t h e  
many p o t e n t i a l  d i r e c t  u s e  a p p l i c a t i o n s  appea r  more d e s i r a b l e .  T h i s  
d e c i s i o n  i s  g e n e r a l l y  based on t h e  needs of t h e  c o n s t i t u e n c y  t o  be 
served.  The r e l a t i v e  we igh t ing  g i v e n  t o  each  of t h e  cr i ter ia  l i s t e d  
below w i l l  t h e r e f o r e  d i f f e r ,  depending on whether t h e  d e c i s i o n  i s  being 
made by a p r i v a t e  company, o r  a t  t h e  l o c a l ,  s t a t e ,  o r  n a t i o n a l  l e v e l  of 




Geothermal Kesource Temperature. 
The  f i r s t  s e v e r a l  f a c t o r s  t o  be cons idered  concern t h e  eng inee r ing  
f e a s i b i l i t y  of t h e  proposed d i r e c t  u s e s .  Foremost among t h e s e  are t h e  
temperature  and a v a i l a b i l i t y  of t h e  geothermal  f l u i d s .  The g r e a t e r  t h e  
t empera tu re  and h e a t  c o n t e n t ,  t h e  g r e a t e r  t h e  p o t e n t i a l  f o r  d i r e c t  use 
a p p l i c a t i o n s .  Table  1 shows t h e  temperature  and thermal  energy of t h e  
hydrothermal convec t ion  sys t ems  i n  t h e  Geysers r eg ion ,  a s  e s t ima ted  by 
t h e  U.S. Geologica l  Survey (Brook e t  a l . ,  1978).  These d a t a  a r e  among 
t h e  b e s t  p u b l i c l y  a v a i l a b l e  on geothermal  r e s e r v o i r s  i n  t h e  Geysers 
area. O t h e r  d a t a  are p r o p r i e t a r y  in fo rma t ion ,  belonging t o  t h e  geother -  
m a l  development companies which f inanced  small  heat probe w e l l s  and 
o t h e r  geo log ic  e x p l o r a t i o n s .  Unfor tuna te ly ,  except  f o r  t h e  well-known 
vapor-dominated systems a t  The Geysers ,  only a small number of deep 
e x p l o r a t o r y  wells have been d r i l l e d  f o r  which tempera ture  d a t a  are 
a v a i l a b l e .  
Temperatures Necessary f o r  Direct Use App l i ca t ions .  
F e a s i b l e  d i r e c t  use of geothermal  h e a t  r e q u i r e s  t h a t  t h e  geothermal  
resource  be a t  least  as hot  as t h e  tempera ture  needed i n  t h e  energy con- 
suming process .  The tempera tures  necessa ry  f o r  s e v e r a l  p o t e n t i a l  d i r e c t  
uses  are shown i n  F igu re  24. Most of t h e s e  p rocess  tempera tures  are 
below t h e  a v a i l a b l e  geothermal  tempera tures  l i s t e d  i n  Table  1. Thus a 
wide v a r i e t y  of a p p l i c a t i o n s  are p o s s i b l e  from a thermal  viewpoint .  
Lower-temperature sou rces  are promising t a r g e t s  f o r  geothermal  
a p p l i c a t i o n s  because moderate tempera ture  (90-150 degrees  C o r  194-302 














- Drying stock fish 
Intense de-icing operations 
Space heating 
Greenhouses by space heating 
Refrigeration (lower temperature limit) 
- Animal husbandry 
Greenhouses by combined space and hotbed heating 
Mushroan growing 
Balneological bath 
- Soil warming 
Swimming pools, biodegmWion,fennentations - Warm water for year-round mining in cold climates 
De-icing 
- Fish matching and farming 
- 
Evaporation of highly concentrated solutions 
Digestion in paper pulp, kraft 
Drying diatomaceous earth 
Dryinq timber 




Drying farm products at high rates 
Food canning 
Extraction of salts by evaporation and crystallization 
- 
Evaporation in sugar refining 
A 
r 
Fresh water by distillation 
Drying and curing light aggregate cement slabs 
Drying organic materials,seaweeds,grass,vegetables,etc. 
Mast multiple-effect evaporations, 
concentration of saline solution 
Washing and drying wool 
Source: Lindal, 1973. 
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(ove r  150 degrees  C),  w i t h  about  215 r e s o u r c e  areas of each type i n  t h e  
United States.  The e s t ima ted  thermal  energy which could be produced a t  
t h e  wel lhead from t h e s e  ttioderate-temperature r e s o u r c e s  is a lmos t  as h igh  
as from t h e  h i g h e r  t empera tu re  areas (176 vs .  210, x 10l8 j o u l e s )  (Brook 
e t  a l . ,  1978). 
Energy Consumption i n  t h e  Proposed App l i ca t ion .  
P roduc t ion  p rocesses  which consume a l a r g e  amount of energy would 
seem - a p r i o r i  t o  have t h e  b e s t  p o t e n t i a l  f o r  a n  economical ly  b e n e f i c i a l  
conve r s ion  from f o s s i l  f u e l s  t o  geothermal  energy. I f  a r e l a t i v e l y  
l a r g e  p r o p o r t i o n  of t h e  cost of producing a p roduc t  i s  f o r  t h e  energy 
used,  t hen  even a r e l a t i v e l y  small pe rcen tage  s a v i n g s  i n  energy c o s t  c a n  
produce a s i g n i f i c a n t  d e c r e a s e  i n  t h e  t o t a l  c o s t  of p roduc t ion .  The 
h o r i z o n t a l  a x i s  i n  F igu re  25 shows h e a t  c o s t  as a p r o p o r t i o n  of t o t a l  
c o s t  f o r  s e v e r a l  p o t e n t i a l  u s e s  of geothermal energy.  Using on ly  t h i s  
c r i t e r i o n ,  power g e n e r a t i o n ,  d e s a l i n a t i o n  and d i s t r i c t  h e a t i n g  are among 
t h e  more promising p o s s i b i l i t i e s .  
Another way t o  look a t  energy consumption p a t t e r n s  i s  w i t h  t o t a l  
energy demand by end u s e ,  as i n  F i g u r e  26. The h e a t i n g  ene rgy  u s e s  
shown i n  t h i s  f i g u r e  r e p r e s e n t  about  41 percen t  of t h e  t o t a l  U.S. energy 
use  ( E h r l i c h  e t  a l . ,  1977, p. 492). The lowest  t empera tu re  h e a t i n g  u s e s  
i n  F igu re  26 are space h e a t i n g  and r e s i d e n t i a l  and commercial water 
h e a t i n g  which account  f o r  abou t  23 p e r c e n t  of t o t a l  energy use.  Geoth- 
ermal energy could be a n  impor t an t  s o u r c e  of h e a t  f o r  t h e s e  u s e s  i f  t h e  
u s e r s  can be l o c a t e d  c l o s e  enough t o  t h e  geothermal  r e s o u r c e .  
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NON-ELECTRICAL GEOTHERMAL APPLICATIONS 
Heat cost - total cost ratio vt temperaturn 
Power generation 
.Heavy water 180 1 Pulp and paper 
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XBL 785-8651 
Fig. 25. Heat Cost and Temperature Relationships 
for Selected Non-electric Applications 
Source: J.H. Howard, 1978. "Overview of Geothermal 
Technology" LBL 7048. May 1978. 
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Criteria f o r  Choosing between Geothermal Energy and Other  Al te rna-  
t i v e s .  
The cho ice  between us ing  geothermal  energy and any o t h e r  sou rce  of 
energy f o r  a p a r t i c u l a r  a p p l i c a t i o n  i s  p r i m a r i l y  an  investment  d e c i s i o n  
and c o n s i d e r a t i o n  must be g iven  t o  t h e  same f a c t o r s  as w i t h  any o t h e r  
investment .  I n  a d d i t i o n ,  convenience,  r i s k  and r e l i a b i l i t y  a r e  impor- 
t a n t  c o n s i d e r a t i o n s .  For d i r e c t  u s e s ,  geothermal  energy is o f t e n  not  as 
convenient  as most f o s s i l  f u e l s  because i t  mus t  be used nea r  i t s  source .  
F u r t h e r ,  geothertnal sys t ems  are  not  as we l l - su i t ed  t o  f l u c t u a t i o n s  i n  
h e a t  requirement .  Foss i l - fue l ed  a u x i l i a r y  heaters may be needed f o r  
backup o r  e x t r a  h e a t i n g  du r ing  peak load  pe r iods .  
Skalka (1978) c o n s i d e r s  u n c e r t a i n t y  about t h e  geothermal  r e source  
one of t h e  most fundamental  b a r r i e r s  t o  d i r e c t  u se  development. Commer- 
c i a l  f i n a n c i n g  is made more d i f f i c u l t  because of t h i s  r i s k .  Geothermal 
development companies o f t e n  f i n d  themselves  i n  t h e  unenviable  p o s i t i o n  
of c o n s i d e r i n g  expens ive  d r i l l i n g  i n  a n  area i n  which they have only a 
small p r o b a b i l i t y  of commercial success .  Understandably,  on ly  t h e  most 
promising geothermal  s i tes  and uses  are a t t r a c t i v e  f o r  e x p l o r a t i o n  and 
development. Th i s  t ends  t o  d i scourage  development of lower tempera ture  
areas which are s t i l l  we l l - su i t ed  f o r  d i r e c t  u se  a p p l i c a t i o n s .  
A b e n e f i t  which somewhat o f f s e t s  t h e  r i s k  of geothermal  development 
i s  i ts  r e l i a b i l i t y  as a h e a t  sou rce  once t h e  r e source  has  been 
d iscovered  and tapped.  Unlike o t h e r  energy sources ,  t h e  supply of 
geothermal  energy is no t  s u b j e c t  t o  t h e  u n c e r t a i n t i e s  of i n t e r n a t i o n a l  
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trade,  temporary s h o r t a g e s ,  l a b o r  problems, and t h e  l i k e .  
Desc r ip t ion  - of P o s s i b l e  Direct - Use App l i ca t ions  
All d i r e c t  uses of geothermal  energy have one f e a t u r e  i n  common: 
t h e  thermal  energy is  used d i r e c t l y  wi thout  being f i r s t  converted t o  
e l e c t r i c i t y .  The energy i s  e x t r a c t e d  from geothermal  steam and/or  ho t  
water ,  and is most o f t e n  used as  h e a t .  Some a p p l i c a t i o n s  u s e  geothermal  
energy t o  power a heat-pump u n i t  f o r  space  coo l ing  o r  r e f r i g e r a t i o n .  
Many d i f f e r e n t  n o n - e l e c t r i c a l  u ses  have been sugges ted  f o r  geother -  
mal energy ,  and many have been s u c c e s s f u l l y  implemented i n  v a r i o u s  par t s  
of t h e  world (Pe te r son  and E l -Ramly ,  1976). S ince  d i r e c t  u s e s  must be 
l o c a t e d  near  t h e  geothermal  r e s o u r c e ,  t h i s  d i s c u s s i o n  w i l l  c o n c e n t r a t e  
on t h e  most promising p r o s p e c t s  f o r  t h e  Geysers r eg ion .  Some u s e s  which 
have been s u c c e s s f u l  e l sewhere ,  such as snow mel t ing ,  d i a t o m i t e  d ry ing  
and heavy i n d u s t r i a l  p rocesses ,  w i l l  no t  be d i scussed .  These are 
u n l i k e l y  t o  occur  w i t h i n  t h e  Geysers reg ion .  Some o t h e r  d i r e c t  u s e s  
which might be f e a s i b l e  i n  t h e  Geysers r eg ion  w i l l  no t  be d i scussed  h e r e  
f o r  two r easons .  F i r s t ,  t h e s e  are n o t  cons ide red  t o  be promising n e a r  
term a l t e r n a t i v e s .  Second, t h i s  group of a p p l i c a t i o n s  have been 
analyzed i n  d e t a i l  by o t h e r  au tho r s .  They i n c l u d e  l i v e s t o c k  product ion  
f a c i l i t i e s  (Longyear e t  a l . ,  1979) ,  pulp m i l l s  (Hornburg and L i n d a l ,  
1 9 7 8 ) ,  and m u l t i - u s e  a p p l i c a t i o n s  of geothermal  f l u i d s  (Barnea,  1975). 
The remaining l i s t  of d i r e c t  u ses  f o r  t h e  Geysers area i n c l u d e s  
a p p l i c a t i o n s  i n  t h e  g e n e r a l  c a t e g o r i e s  of a g r i c u l t u r e ,  p rocess  h e a t ,  
space h e a t i n g ,  and balneology ( h e a l t h  spas ) .  These d i r e c t  u ses  are 
t e c h n i c a l l y  f e a s i b l e  and most of them would be compatible  w i t h  t h e  a g r i -  
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c u l t u r a l ,  r e s i d e n t i a l ,  and r e c r e a t i o n a l  land u s e s  p r e v a l e n t  near  t h e  
geothermal  r e source .  The dec id ing  f a c t o r s  in t h e i r  p o s s i b l e  f u t u r e  
implementat ion w i l l  be economic v i a b i l i t y  and s o c i a l  and p o l i t i c a l  deci- 
s i o n s .  Decis ions  made by l o c a l  and county governments w i l l  be p a r t i c u -  
l a r l y  impor tan t .  The most promising of t h e  p o s s i b l e  d i r e c t  u ses  w i l l  
now be d e s c r i b e d ,  as a f i r s t  s t e p  toward f a c i l i t a t i n g  those  d e c i s i o n s .  
The cho ice  of which d i r e c t  a p p l i c a t i o n s  t o  d e s c r i b e  h e r e  i n  d e t a i l  w a s  
made both  on t h e  b a s i s  of econonic  p o t e n t i a l  i n  t h e  Geysers r eg ion  and 
a l s o  t o  i l l u s t r a t e  impor tan t  f a c t o r s  t o  c o n s i d e r  i n  p lanning  f o r  suc- 
c e s s f u l  d i r e c t  u s e  of geo-heat.  
Geot herma 1 l y  Heated Greenhouses 
Heat ing  of greenhouses  i s  c u r r e n t l y  one of t h e  most common d i r e c t  
u s e s  of geothermal  energy.  I n s t a l l a t i o n s  e x i s t  i n  t h e  S o v i e t  Union, 
Hungary, I c e l a n d ,  J apan ,  New Zealand, I t a l y ,  and t h e  United S t a t e s .  I n  
A p r i l ,  1978, t h e  f i r s t  group of tree s e e d l i n g s  f o r  r e f o r e s t a t i o n  was 
p lan ted  i n  a new geothermal  greenhouse complex n e a r  Klamath F a l l s ,  Ore- 
gon (Laskin ,  1978). A t  least two greenhouse o p e r a t i o n s ,  Hobo Wells, 
Inc. and Honey Lake Farms, are producing v e g e t a b l e s  ia t h e  Wendel-Amedee 
geothermal  area east of S u s a n v i l l e ,  C a l i f o r n i a .  These greenhouses  grow 
cucumbers and tomatoes i n  g r a v e l  and water wi thout  s o i l ,  u s i n g  a tech-  
n ique  c a l l e d  "hydroponics" (Gutman 1975, Boren and Johnson, 1978). 
I n  a greenhouse,  geothermal  h e a t  i s  t r a n s f e r r e d  from t h e  geothermal  
f l u i d  t o  the air i n s i d e  t h e  greenhouse by a hea t  exchanger.  Geothermal 
hot  water tempera tures  of a t  least 87 degrees  C (187 degrees  F) are 
u s u a l l y  r e q u i r e d ,  bu t  tempera tures  as low as 60 degrees  C (140 degrees  
F) can  be used i f  t h e  geothermal  water i s  used t o  h e a t  bo th  t h e  a i r  and 
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s o i l  i n  t h e  greenhouse (L inda l ,  1973). 
I 
The amount of ho t  water needed f o r  a greenhouse complex depends on 
t h e  d e l i v e r e d  t empera tu re  of t h e  geothermal water, ambient temperature ,  
s i z e  of t h e  greenhouse complex, and e f f i c i e n c y  of h e a t  e x t r a c t i o n  from 
t h e  water. Heat ing system d e s i g n  i n f o r m a t i o n  can be found i n  P a t e  
I 
I 
(1978) and i n  Tinus and McDonald (1979). 
The c o n i f e r  s e e d l i n g  n u r s e r y  i n  Klamath F a l l s  mentioned ear l ie r  
c o n s i s t s  of f o u r  greenhouses  and a c e n t r a l  walkway, t o t a l i n g  2 7 , 4 5 0  
s q u a r e  f e e t  of f l o o r  space. Peak geothermal  f low h a s  been 800 g a l l o n s  
p e r  minute of 188 degrees  t o  190 degrees  F.  water (Lask in ,  1978).  T h i s  
i s  e q u i v a l e n t  t o  400,000 pounds pe r  peak hour (10,400,000 BTU’s per  
hour) .  I f  s u p p l i e d  by n a t u r a l  g a s  a t  a p r i c e  of 28 c e n t s  p e r  therm 
(100,000 BTU), t h i s  peak load would have c o s t  $29.12 p e r  hour t o  supply.  
The peak load i s  no t  as impor t an t  f o r  c o s t  comparisons as t h e  t o t a l  
annual  h e a t i n g  c o s t s .  Data were not  a v a i l a b l e  on t o t a l  annua l  geother-  
m a l  h e a t  u s e  by t h e  Klamath F a l l s  greenhouses ,  but  such i n f o r m a t i o n  is 
a v a i l a b l e  from a smaller i n s t a l l a t i o n  hea ted  by n a t u r a l  gas. In Davis,  
C a l i f o r n i a ,  t h e  C a l i f o r n i a  D i v i s i o n  of F o r e s t r y  o p e r a t e s  two 3600 s q u a r e  
f o o t  greenhouses  f o r  r a i s i n g  c o n i f e r  s e e d l i n g s .  T h i s  is abou t  one- 
f o u r t h  t h e  t o t a l  s i z e  of t h e  Klamath F a l l s  o p e r a t i o n .  Annual n a t u r a l  
g a s  usage f o r  t h i s  f a c i l i t y  amounted t o  abou t  9966 therms which c o s t  
$2588 (6/78 through 5/79) (Eden, p e r s .  comm.). Thus t h e  u s e  of geo-heat 
a t  t h e  Klamath F a l l s  greenhouse s a v e s  about  $7500 t o  $10,000 a n n u a l l y .  
The primary b e n e f i t  of greenhouse p l a n t  p roduc t ion  i s  t h e  major 
i n c r e a s e  i n  c r o p  y i e l d  achieved i n  a c o n t r o l l e d  environment.  The Honey 
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Lake Farms hydroponic geothermal  greenhouses produce an  average  of 1500 
pounds of cucumbers per week in each 124 by 30 f o o t  greenhouse (Boren 
and Johnson, 1978). This  is e q u i v a l e n t  t o  228 t o n s  p e r  acre, 18 times 
Cal i forn ia’s  average  y i e l d  of field-grown f r e s h  cucumbers ( C a l i f o r n i a  
Department of Food and A g r i c u l t u r e ,  1979). S i m i l a r  resul ts  are  expected 
f o r  tomatoes wi th  weekly h a r v e s t s  of 850 pounds per  greenhouse expected 
a t  Honey Lake Farms. 
T h i s  boos t  i n  y i e l d  is a t t a i n e d  wi th  a s i g n i f i c a n t  s av ings  i n  water 
u s e  due t o  reduced e v a p o t r a n s p i r a t i o n .  Each greenhouse a t  Honey Lake 
Farms uses  on ly  225 g a l l o n s  p e r  day of i r r i g a t i o n  water, less than  10 
percent  of t h e  amount needed for t h e  same y i e l d  grown outdoors .  The 
planned f u l l  development of 205 greenhouses  a t  Honey Lake w i l l  u s e  only 
92 ac re - f ee t  of wate r  per y e a r ,  56 percen t  f o r  i r r i g a t i o n  and 44 percent  
f o r  e v a p o r a t i v e  c o o l i n g  (Boren and Johnson, 1978). These 205 
greenhouses  use  only  about  4 percent  of t h e  p r o j e c t e d  water needs of a 
s i n g l e  55 MW b ina ry  power p l a n t .  Non-hydroponic greenhouses  would use  
s l i g h t l y  more water, but  s t i l l  much less than  open-f ie ld  a g r i c u l t u r e .  
A second system of greenhouse h e a t i n g  which is compat ib le  w i t h  
water has  t h e  p o t e n t i a l  f o r  e l i m i n a t i n g  a l l  f r e s h  water geothermal  ho t  
use .  A greenhouse i n  P u e r t o  Penasco, Sonora,  Mexico, is heated  w i t h  
warm seawater (only  80 degrees  F) from t h e  Gulf of C a l i f o r n i a .  The w a r m  
seawater i s  sprayed  i n t o  columns packed w i t h  co r ruga ted  a s b e s t o s .  A i r  
from t h e  greenhouse i s  con t inuous ly  c i r c u l a t e d  through t h e  packed 
columns, so t h a t  t h e  h e a t e r  is  a c t u a l l y  a d i r e c t - c o n t a c t  h e a t  exchanger .  
This  h e a t i n g  system maintains re la t ive humidi ty  a t  a lmost  100 percen t ,  
which reduces  f r e s h  water consumption i n  two ways (a maximum of 300 g a l -  
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l o n s  per day is needed i n  J u l y ,  t h e  h o t t e s t  month, f o r  each 4600 squa re  
f o o t  greenhouse) .  F i r s t  , t h e  high humidity reduces e v a p o t r a n s p i r a t i o n .  
Second, t h e  high humidity causes f r e s h  water t o  condense on t h e  i n s i d e  
of t h e  walls and roof du r ing  t h e  n i g h t .  During t h e  w i n t e r ,  as much as 
1500 g a l l o n s  per n i g h t  w i l l  form i n  each house,  g r e a t l y  exceeding t h e  
amount of water  used by t h e  p l a n t s  ( C a l l e j a s ,  1967) .  The excess  can  be 
s t o r e d  f o r  u s e  i n  summer, when less  condensate  forms. Thus each green- 
house is also a d e s a l i n a t i o n  p l a n t  capab le  of supp ly ing  a l l  i t s  f r e s h  
water needs ( Jensen ,  1971) .  The i n s u l a t i n g  q u a l i t i e s  of t h e  walls and 
roof could be a d j u s t e d  f o r  optimum energy and water use .  An i n s u l a t i n g  
e x t e r i o r  would use  less energy and produce less  water. Most geothermal 
f l u i d s  i n  the Geysers area c o n t a i n  a smaller p r o p o r t i o n  oE d i s s o l v e d  
s o l i d s  than seawater, and a re  much h o t t e r .  T h i s  s y s t e m  shows promise 
f o r  u se  i n  t h e  Geysers r eg ion .  
The l a r g e  i n c r e a s e  i n  c r o p  p roduc t ion  and dec reased  water u s e  
achieved i n  greenhouses  are n o t  f r e e  b e n e f i t s .  C o n t r o l l e d  environment 
greenhouses  r e p r e s e n t  a much more i n t e n s i v e  u s e  of l and  t h a n  open- f i e ld  
a g r i c u l t u r e ,  and t h e r e f o r e  r e q u i r e  l a r g e r  q u a n t i t i e s  of some i n p u t s  p e r  
acre of l and .  One i n p u t  needed i n  g r e a t e r  q u a n t i t i e s  is l a b o r .  Green- 
house c r o p  p roduc t ion  r e q u i r e s  approximately one f u l l  time employee f o r  
eve ry  6000 s q u a r e  f e e t  (Hannah, 1975). The f o u r  greenhouses  n e a r  
Klamath F a l l s  mentioned ear l ier  are expected t o  produce 50,000 t o  
80,000 c o n t a i n e r i z e d  t ree  s e e d l i n g s  p e r  day w i t h  a crew of 4 t o  5 peo- 
p l e .  T h i s  could expand t o  200,000 p e r  day wi th  18 employees (Lask in ,  
1978). The planned f u l l  development of 205 geothermal greenhouses  a t  
Honey Lake Farms is expected t o  employ a t o t a l  of 150 per sons ,  y e t  few 
w i l l  be d i r e c t l y  a s s o c i a t e d  w i t h  t h e  geotherwal  ene rgy  system. 
a2 
Greenhouse v e g e t a b l e  p roduc t ion  can  range from 20 t o  50 tons  p e r  
employee p e r  y e a r ,  depending on t h e  c r o p ,  l e n g t h  of growing s e a s o n ,  and 
e f f i c i e n c y  of p roduc t ion  methods. Labor r equ i r emen t s  f o r  greenhouse 
o p e r a t i o n s  are not  as s e a s o n a l  as i n  many o t h e r  a g r i c u l t u r a l  bus inesses .  
I f  c rop  p roduc t ion  i s  not  con t inuous  throughout  t h e  y e a r ,  more people  
would l i k e l y  be employed i n  w i n t e r  t h a n  i n  summer because c rop  pr ices  
are h i g h e r  i n  w i n t e r .  
Crop Drying w i t h  Geothermal Energy 
Crop d r y i n g  i s  a n  a t t r a c t i v e  a g r i b u s i n e s s  a p p l i c a t i o n  of geothermal  
energy. T h i s  ene rgy- in t ens ive  p r o c e s s  i s  necessa ry  t o  p r e s e r v e  and 
enhance t h e  q u a l i t y  of many c rops .  The C a l i f o r n i a  c r o p s  most commonly 
d r i e d  i n  n a t u r a l  gas-fueled d r i e r s  are  l i s t e d  i n  Table  1 7 .  The most 
impor t an t  among t h e s e  from t h e  s t a n d p o i n t  of p roduc t ion  and energy use  
are a l f a l f a ,  hay, c o t t o n ,  prunes and onions.  The a g r i c u l t u r a l  p roduc t s  
which cou ld  be d r i e d  w i t h  geothermal  h e a t  i n  each of t h e  f o u r  c o u n t i e s  
i n  t h e  Geysers r e g i o n  are l i s t e d  i n  Table  18. The bulk of t h e s e  c r o p s  
are produced i n  Lake and Mendocino c o u n t i e s .  I n  a d d i t i o n ,  a l a r g e  quan- 
t i t y  of peaches, a p r i c o t s ,  and o t h e r  f r u i t s  a re  brought  from Y o 1 0  County 
i n t o  Lake County t o  be d r i e d  (Tompkins, pers. comm.). 
The most important  f a c t o r  i n  t h e  economic v i a b i l i t y  of c r o p  d r y i n g  
i s  t h e  t o t a l  c o s t  of d r y i n g  p e r  t o n  o f  product .  T h i s  t o t a l  c o s t  i s  com- 
posed of t h e  f i x e d  c o s t  (mostly f o r  pu rchase  of c a p i t a l  equipment) and 
t h e  v a r i a b l e  c o s t s  f o r  d r y i n g  f u e l  and t r a n s p o r t a t i o n  of c r o p s  t o  and 
from t h e  d r i e r  s i t e .  F o s s i l - f u e l e d  c r o p  d r i e r s  have r e l a t i v e l y  low cap- 
i t a l  c o s t s  and h igh  o p e r a t i n g  c o s t s .  T h e i r  low c a p i t a l  costs make them 
s u i t e d  t o  i n s t a l l a t i o n s  i n  which c r o p s  need t o  be d r i e d  f o r  o n l y  a few 
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Table 17 
(Cervinka et al. 1978) 
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415.6 85 353.3 
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Production and Harvest Period for Selected Crops in the Geysers region 
(Production data are in tons per year, except as noted) 
Lake Mendocino Napa Sonoma 
(1977 data) 
Grains and Alfalfa 







Fruits and iluts 
Prunes (dry weight) 127: 








Total Value ($1000) 13 
Livestock Products 
Milk (1000 CWT) ---- 
Dol lar Value ($1000) - - - - 
Eggs (1000 dozens) 424 





































May - September 
June 1 - Aug. 25 
June 15 - Aug. 15 
Sept 15 - Nov. 25 
Sept 15 - Dec. 1 
July 1 - Sept. 15 
June 15 - Aug. 1 
July 10 - Sept. 10 
July 15 - OCt. 30 
Sept. 25 - Nov. 5 
Aug. 25 - OCt. 15 
All year 
All year 
a ,,Fresh weight. 
-Dry weight. 
LIncludes all not sold as fresh fruit. Source: County Agricultural Commissioner's Reports 
of the five leading counties in the (1978 season), and California Department of 
state. Food and Agriculture (1978 season). 
months a yea r .  For example, most U.S. g r a i n  d r y e r s  o p e r a t e  LP g a s  
d r y e r s  f o r  a few months each y e a r .  
I n  c o n t r a s t ,  t h e  h i g h e r  c a p i t a l  c o s t s  of a geothermal  d r y i n g  system 
can b e s t  be j u s t i f i e d  i n  a p p l i c a t i o n s  where lower o p e r a t i n g  c o s t s  
become t h e  doninant  economic f a c t o r .  T h i s  i s  t h e  case when t h e  c rop  is 
d r i e d  a l l  year,  as  w i t h  t h e  new geothermal  onion d r i e r  a t  Brady Hot 
Spr ings ,  Nevada, o r  t h e  proposed geothermal a l f a l f a  dehydra to r s  i n  t h e  
Klamath F a l l s  area of Oregon (Lienau,  1978). 
A geothermal  crop-drying f a c i l i t y  can be economical ly  s u c c e s s f u l  
where t h e  p o t e n t i a l  e x i s t s  t o  d r y  s e v e r a l  c r o p s  i n  a multi-crop d r y i n g  
c e n t e r  (MDC), as d e s c r i b e d  by Gordon e t  al. (1978) .  The o b j e c t i v e  i n  
t h i s  approach is t o  d r y  several d i f f e r e n t  c r o p s  a t  d i f f e r e n t  t i m e s  of 
t h e  y e a r ,  so t h a t  each c rop  can h e l p  t o  cove r  t h e  c o s t  of t h e  equipment. 
The h a r v e s t  and d r y i n g  p e r i o d s  of some c r o p s  grown i n  t h e  Geysers r e g i o n  
are shown i n  F i g u r e s  27 and 28. An kIDC o p e r a t i o n  i n  t h i s  area could be 
o p e r a t i o n a l  f o r  about  6 months of each y e a r .  
While a l f a l f a  a t  f i r s t  appea r s  well s u i t e d  f o r  geothermal  d r y i n g  i n  
t h e  Geysers r e g i o n ,  t h i s  c r o p  is always d r i e d  i n  r o t a r y  drum d r y e r s  
which r e q u i r e  large product  f l ows  (minimum 10,000 t o n s  p e r  y e a r )  t o  be 
economical.  A l f a l f a  c r o p s  i n  Lake and Mendocino c o u n t i e s  are t o o  small 
t o  suppor t  such a d r y e r  (Tompkins, pe r s .  comm.). T h i s  p a r t i c u l a r  a p p l i -  
c a t i o n  i s  b e t t e r  s u i t e d  t o  t h e  I m p e r i a l  V a l l e y  where t h e r e  is a cont inu-  
ous supply of bo th  geothermal  b r i n e  and a l f a l f a  (Wright,  1978). 
The d r y i n g  of wa lnu t s ,  almonds and g r a i n  c r o p s  is a more promising 
a p p l i c a t i o n  of geo-heat s i n c e  t h e  equipment a l r e a d y  e x i s t s  i n  t h e  
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F i g .  27. Harvest  pe r iods  o f  s e l e c t e d  c rops  grown i n  t he  Geysers Region. XBL804-674 





























Geysers r e g i o n .  These c r o p s  are u s u a l l y  d r i e d  i n  l a r g e  b i n s  through 
which hea ted  a i r  is blown, t h e  h e a t  u s u a l l y  coming from LP g a s .  
Conversion t o  geothermal  ene rgy  would invo lve  r e p l a c i n g  t h e  LP g a s  
bu rne r s  w i th  f inned-tube h e a t  exchangers through which t h e  geothermal 
f l u i d  f lows.  Procedures  and equipment f o r  h a r v e s t i n g  and d r y i n g  wal- 
n u t s ,  a major Lake County c r o p ,  are  d e s c r i b e d  by Olson e t  a l .  (1978) .  
Drying t empera tu res  must not exceed 110 d e g r e e s  F ,  a t empera tu re  e a s i l y  
achieved by even moderate q u a l i t y  geothermal r e s o u r c e s .  Such low tem- 
p e r a t u r e s  shou ld  a l s o  be s u i t a b l e  f o r  d r y i n g  g r a i n  c r o p s .  
F resh  f r u i t  d r y i n g  is wel l - su i t ed  f o r  a v a i l a b l e  geothermal  h e a t  
s o u r c e s  in Lake and Mendocino Counties .  Most Lake County prunes (a  
major energy u s e r )  are  c u r r e n t l y  s e n t  t o  d r y e r s  i n  Colusa County o r  i n  
Healdsburg,  Sonoma County. Lake County has  o n l y  two crop-drying com- 
p a n i e s ,  bo th  l o c a t e d  i n  K e l s e y v i l l e .  The Mariani  Packing Company and 
t h e  K e l s e y v i l l e  Packing Company d ry  pea r s  from Lake County and peaches 
and a p r i c o t s  from Yo10 County (Tonpkins,  p e r s .  comm.). C u r r e n t l y ,  bo th  
of t h e s e  packing companies d ry  f r u i t  by c o a t i n g  i t  w i t h  s u l f u r  and s u n  
d r y i n g  on trays.  This method f a c e s  t h e  r i s k  of product  damage from r a i n  
and produces s i g n i f i c a n t  a i r  p o l l u t a n t s .  The s u l f u r  reacts w i t h  atmos- 
p h e r i c  oxygen t o  form s u l f u r  d i o x i d e ,  a t o x i c  g a s  which has  damaged 
nearby c r o p s  and v e g e t a t i o n .  
A s t u d y  by t h e  Lake County A i r  P o l l u t i o n  C o n t r o l  District i n d i c a t e s  
t h a t  a s i n g l e  150,000 l b / h r .  supp ly  w e l l  and one r e i n j e c t i o n  well could 
provide enough energy f o r  c r o p  d r y i n g ,  f r u i t  cann ing ,  and r e f r i g e r a t i o n  
f o r  f r u i t  s t o r a g e  (Tompkins, p e r s .  comm.). Such a n  i n t e g r a t e d  food pro- 
c e s s i n g  p l a n t  cou ld  p rov ide  a s i g n i f i c a n t  number of new j o b s  i n  t h e  
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county.  P o s s i b i l i t i e s  f o r  c rop  d r y i n g  i n  Mendocino County are  more d i f -  
f i c u l t  t o  assess due t o  l i m i t e d  i n f o r m a t i o n  on t h e  e x t e n t  and temyera- 
t u r e  of t h e  geothermal r e source .  Mendocino County h a s  t h e  advantage of 
good s u r f a c e  t r a n s p o r t a t i o n  ( U . S .  101) i f  u s a b l e  geothermal  r e s o u r c e s  
can  be found i n  t h a t  area. 
Geothermal Energy i n  t h e  Wood Produc t s  I n d u s t r y  
Most lumber i s  d r i e d  by a ba t ch  p rocess  a t  t h e  s a w m i l l  s i t e .  The 
lumber i s  s t a c k e d  w i t h  s p a c e r s  t o  a l l o w  a i r  f low,  and hot  a i r  i s  blown 
through t h e  s t a c k e d  lumber wh i l e  t empera tu re  and r e l a t i v e  humidity a re  
c o n t r o l l e d .  The a i r  is hea ted  by steam p a s s i n g  through a f inned-tube 
h e a t  exchanger a t  a p r e s s u r e  of about  15 pounds p e r  s q u a r e  i n c h  and 
about  250 degrees  F (121 degrees  C). The steam is  gene ra t ed  by burning 
f o s s i l  f u e l s  o r  waste wood (Dost ,  pe r s .  comm.). S e v e r a l  sawmills 
p r e s e n t l y  e x i s t  i n  t h e  Ukiah and C love rda le  areas, most w i t h  d r y i n g  
f a c i l i t i e s .  The n e a r e s t  geotherlnal r e s o u r c e  area t o  t h e s e  m i l l s  i s  
s e v e r a l  miles t o  t h e  east  and i s  t o o  f a r  t o  economical ly  t r a n s p o r t  t h e  
geothermal  f l u i d s .  The t h r e e  remaining p o s s i b l e  means of u s i n g  geo-heat 
would be t o  move t h e  d r y i n g  p a r t  of t h e  o p e r a t i o n ,  move t h e  whole sawm-  
ill, o r  d i s c o v e r  economical geothermal  r e s o u r c e s  nearby. None of t h e s e  
o p t i o n s  appea r s  ve ry  promising. 
Moving t h e  lumber d r y i n g  o p e r a t i o n  away from t h e  sawni l l  would 
i n c r e a s e  t r a n s p o r t a t i o n  c o s t s ,  and g e n e r a t e  a d d i t i o n a l  l oad ing  and 
unloading c o s t s .  Most lumber i s  shipped from t h e  s a w m i l l / d r i e r  s i t e  t o  
t h e  customer i n  mixed ba tches  of s e v e r a l  s i z e s  and g r a d e s  of lumber. A 
d r i e r  l o c a t e d  away from t h e  m i l l  would r e q u i r e  t h e  c r e a t i o n  of l a r g e  
s t o r a g e  f a c i l i t i e s  a t  bo th  t h e  m i l l  and d r i e r  sites (McKillop, pe r s .  
A 
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comn.). bioving a n  e n t i r e  e x i s t i n g  s a w m i l l  t o  t a k e  advantage of inexpen- 
s i v e  geothermal  h e a t  would be p r o h i b i t i v e l y  expens ive ,  c o n s i d e r i n g  t h e  
economic scale of b e n e f i t s  t o  be gained.  Choosing t o  l o c a t e  a new sawn- 
ill i n  a g e o t h e r u a l  area i s  a a o r e  f e a s i b l e  s o l u t i o n .  U n f o r t u n a t e l y ,  
t h e  s a w d l l  c a p a c i t y  i n  C a l i f o r n i a ' s  n o r t h  c o a s t  *a rea  i s  f a r  g r e a t e r  
t h a n  t h a t  needed t o  p r o c e s s  t h e  c u r r e n t  t imber  harvest? (McKillop, p e r s .  
comm.) and new sawmill c o n s t r u c t i o n  d u r i n g  t h e  s c e n a r i o  p e r i o d  i s  very 
u n l i k e  1 y . 
0 
Discovery of economical ly  u s a b l e  geothermal  r e s o u r c e s  n e a r  Clover- 
d a l e  o r  Ukiah i s  p o s s i b l e ,  but  u n l i k e l y  i n  t h e  n e a r  term. Cur ren t  
geothermal  e x p l o r a t i o n  i n  Mendocino County i s  c e n t e r e d  i n  two areas. A 
deep e x p l o r a t o r y  w e l l  i s  c u r r e n t l y  (10/79) be ing  d r i l l e d  i n  t h e  extreme 
s o u t h e a s t e r n  c o r n e r  of t h e  coun ty ,  n e a r  t h e  Geysers f i e l d .  A series of 
sha l low h e a t  p robes  have a l s o  been d r i l l e d  by P h i l l i p s  Petroleum I n c .  on  
Masonite Corpora t ion  l a n d s  (between Boonvil le  on t h e  s o u t h  and Orr Hot 
Spr ings ) .  E x p l o r a t i o n  i n  t h e  Ukiah-Cloverdale area is  no t  expec ted  i n  
t h e  n e a r  f u t u r e .  
Perhaps t h e  most impor t an t  r e a s o n  t h a t  s a w m i l l s  a re  u n l i k e l y  t o  u s e  
geotheriual h e a t  is t h a t  t hey  a l r e a d y  have a r e a d i l y  a v a i l a b l e  h e a t  
s o u r c e  i n  t h e  form of wood wastes. An i n c r e a s i n g  number of s a w m i l l s  are 
u s i n g  sawdust ,  ba rk ,  and wood s c r a p s  i n  b o i l e r s  t o  produce d r y i n g  steam 
so t h a t  abou t  35 p e r c e n t  of h e a t  energy used i n  sawmills comes from wood 
wastes. Wood powered b o i l e r s  c u r r e n t l y  cost  less than  comparable geoth- 
ermal systems, and r educe  t h e  sawmill 's was t e -d i sposa l  problem. I t  ' i s  
t h e r e f o r e  u n l i k e l y  t h a t  t h i s  p o t e n t i a l  d i r e c t  u s e  of geothermal  energy 
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w i l l  be r e a l i z e d  i n  t h e  Geysers r e g i o n  du r ing  t h e  s c e n a r i o  pe r iod .  
G e  o t he rma 1 Ref r i g e  r a t  i o n  and Air-Cond i t ion ing  
Geothermal-powered r e f r i g e r a t i o n  u n i t s  can  compete w i t h  e l e c t r i c  
u n i t s  i n  r e s i d e n t i a l  and commercial space c o n d i t i o n i n g  and i n  f r e e z i n g  
o r  co ld  s t o r a g e  of food p roduc t s .  The b a s i c  f u n c t i o n  of a l l  c o o l i n g  
systems i s  t o  remove h e a t  from a c o o l e r  place and release t h a t  thermal  
energy i n t o  a warmer p l ace .  Inpu t  energy i s  r e q u i r e d  t o  power t h e s e  
"hea t  pumps". The i n p u t  energy can  be s u p p l i e d  by e l ec t r i c  power, by 
burning n a t u r a l  o r  LP g a s ,  by s o l a r  c o l l e c t o r s ,  o r  by geothermal  f l u i d s .  
Three d i f f e r e n t  t ypes  of c o o l i n g  systems can  u s e  geothermal  h e a t  as 
t h e i r  primary energy source .  These are t h e  Absorpt ion c y c l e ,  t h e  Rank- 
i n e  c y c l e  system and a newer system t h a t  u s e s  a vapor - j e t  compressor.  
I n  o r d e r  t o  i l l u s t r a t e  t h e  p o t e n t i a l s  and problems w i t h  each of 
t h e s e  systems,  i t  i s  f i r s t  necessa ry  t o  understand how a h e a t  pump 
works. The working f l u i d  i n  a c o o l i n g  system i s  a r e f r i g e r a n t  w i t h  a 
low b o i l i n g  p o i n t ,  such as Freon o r  i s o b u t a n e .  The e lec t r ic  heat-pump 
system can  be used as  a n  i l l u s t r a t i o n  of t h e  b a s i c  f u n c t i o n s  of a cool-  
i n g  system ( F i g u r e  29, t op ) .  Beginning on  t h e  l e f t  s i d e  of F igu re  29, 
t h e  low-pressure r e f r i g e r a n t  vapor i s  r a i s e d  t o  a h i g h e r  p r e s s u r e  by a 
compressor powered by a n  e lec t r ic  motor. The high-pressure vapor i s  
t h e n  condensed t o  a l i q u i d  i n  a h e a t  exchanger (condenser) .  The h e a t  
removed from t h e  r e f r i g e r a n t  is  absorbed by water f lowing through t h e  
condenser and then  r e j e c t e d  t o  t h e  outdoor  environment.  A f t e r  l e a v i n g  
t h e  condenser ,  t h e  p r e s s u r i z e d  r e f r i g e r a n t  l i q u i d  p a s s e s  through a n  
expansion v a l v e  t o  become low-pressure l i q u i d  and abso rbs  h e a t  from t h e  
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XBLBO4-67 Fig .  29. Schematic of E lec t r i c  and Geothermally Powered Heat hmps 
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t o  be cooled ( lower r i g h t )  and r e j e c t e d  i n t o  t h e  environment (upper 
r i g h t ) ,  u s ing  energy s u p p l i e d  from o u t s i d e  ( l e f t  s i d e ) .  
The advantages of a n  e l ec t r i c  heat-pump c o o l i n g  s y s t e m  i n c l u d e  i t s  
r e l a t i v e l y  s i m p l e  d e s i g n ,  low c a p i t a l  c o s t ,  and low maintenance r e q u i r e -  
ments (Table  19) .  The major d i sadvan tage  of a n  e l ec t r i c  h e a t  pump i s  
t h e  l a r g e  amount of e l ec t r i c  power used i n  o p e r a t i o n ,  and r e s u l t a n t  high 
o p e r a t i n g  c o s t s .  
A new heat-pump system developed by S i e r r a  S o l a r  Systems i s  concep- 
t u a l l y  similar t o  a n  e lec t r ic  h e a t  pump (Lee, p e r s .  comm.), but  t h e  
motor and compressor are r ep laced  by a s o l a r  o r  geothermal-powered 
vapor - j e t  compressor. This system u s e s  the  p r i n c i p l e  t h a t  a j e t  o r  
s p r a y  of f l u i d  w i l l  c reate  a p a r t i a l  vacuum which c a n  be used a s  a pump. 
The same p r i n c i p l e  i s  used i n  t h e  a i r  e j e c t o r s  of power p l a n t  condensers  
and i n  many o t h e r  a p p l i c a t i o n s .  
T h i s  system r e p l a c e s  t h e  e l ec t r i c  motor and compressor of a n  elec- 
t r ic  h e a t  pump, but w i t h  a lower e f f i c i e n c y .  The conve r s ion  of poten- 
t i a l  energy t o  k i n e t i c  and back t o  p o t e n t i a l  energy i n  t h e  vapor - j e t  
compressor i s  t h e  major loss of e f f i c i e n c y  and i s  c u r r e n t l y  t h e  main 
d i sadvan tage  of t h i s  system. The main advantage of t h e  vapor - j e t  cool- 
i n g  system i s  t h a t  i t  can  be o p e r a t e d  u s i n g  s o l a r  ene rgy  o r  geothermal  
ho t  water a t  o r  above 135 degrees  F (Lee, pe r s .  comm.). Its siniple 
des ign  should p rov ide  f o r  low o p e r a t i n g  and maintenance c o s t s  f o r  a 
small u n i t .  Due t o  t h e i r  d e s i g n  concep t ,  t h e s e  h e a t  pumps cannot  be 
made i n  l a r g e - c a p a c i t y  sizes.  
Although t h e  vapor - j e t  compressor system shows promise f o r  t h e  
A 
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Table 19 
C h a r a c t e r i s t i c s  of Three Types of Cooling Systems 
Electric hea t  pump 
Vapor- j e t  compressor 
Absorption cyc le  
Advantages Disadvantages 
Low c a p i t a l  cos t  
Simple design 
High e f f i c i e n c y  
Proven technology 
Low Maintenance 
Ab i l i t y  t o  use geo- 
thermal energy 
Low opera t ing  c o s t s  
Low c a p i t a l  c o s t s  
Simple design 
Low maintenance 
c o s t s  
A b i l i t y  t o  use geo- 
thermal energy 
Low opera t ing  c o s t s  
High e f f i c i e n c y  
Proven technology 
High opera t ing  cos t s  
Need f o r  electric power 
Low e f f i c i e n c y  a t  present  
Unproven techn o l  ogy 




f u t u r e ,  t h e r e  i s  a t h i r d  h e a t  pump s y s t e m  s u i t a b l e  f o r  u s e  w i t h  geother-  
m a l  steam o r  ho t  water. This  i s  t h e  a b s o r p t i o n  a i r - c o n d i t i o n i n g  system. 
I ts  technology i s  well-developed and i t  can  use  geothermal  h e a t  ve ry  
e f f i c i e n t l y .  The a b s o r p t i o n  h e a t  pump system i s  t e c h n i c a l l y  more com- 
p l e x  t h a n  t h e  vayor - j e t  compressor,  but  t h e  i n p u t s  and o u t p u t s  are t h e  
same. 
The h i g h e r  e f f i c i e n c y  of a n  a b s o r p t i o n  c o o l i n g  u n i t  i s  p a r t i a l l y  
counterbalanced by somewhat h i g h e r  c a p i t a l  c o s t s .  With a b s o r p t i o n  tech-  
nology,  smaller c o o l i n &  systems have much h i g h e r  cap i t a l  c o s t s  p e r  t o n  
of c o o l i n g  c a p a c i t y  t h a n  do larger systems. Thus a b s o r p t i o n  c o o l i n g  
s y s t e m s  are b e s t  s u i t e d  t o  large a p p l i c a t i o n s  (See Table  20). 
Absorpt ion c o o l i n g  u n i t s  have been s u c c e s s f u l l y  used w i t h  geo the r -  
m a l  hot  water i n  s e v e r a l  l o c a t i o n s .  Among t h e s e  are t h e  v e g e t a b l e  pack- 
i n g  sheds f o r  t h e  Honey Lake Farms geothermal  greenhouses  n e a r  Susan- 
v i l l e ,  which were d e s c r i b e d  ear l ie r .  A r e s o r t  h o t e l  i n  Wairakei ,  New 
Zealand, i s  a l s o  hea ted  and cooled us ing  geothermal ene rgy  i n  a n  absorp- 
t i o n  c y c l e  system. I ts  h igh  e f f i c i e n c y  makes t h e  a b s o r p t i o n  c y c l e  a n  
economical ly  v i a b l e  c o o l i n g  s y s t e m  f o r  a p p l i c a t i o n s  which a re  i n  u s e  a 
l a r g e  pe rcen tage  of t h e  t i m e .  These could i n c l u d e  food-processing 
p l a n t s  (Bre inde l  e t  a l . ,  1978), a i r - c o n d i t i o n i n g  of o f f i c e  b u i l d i n g s ,  
c o o l i n g  wine ce l la rs ,  o r  o t h e r  such uses .  
Geothermal Space Heat ing 
I n  many geothermal  r e s o u r c e  areas, t h e  u s e  of geothermal  h e a t  f o r  
space h e a t i n g  i s  bo th  t h e  s i m p l e s t  and most b e n e f i c i a l  u s e  f o r  t h e  hot-  




Temperature and Size Criteria for Geothermal Refrigeration Systems 
Q 
Geothermal Resource 
Temperature Range Refrigeration System Capacity Preferred Technology 
135' - 180°F. (Hot small systems (under 10 tons) Vapor- j et 
water) 
medium systems (10-25 tons) Vapor-jet or absorption 
large systems (over 25 tons) Absorption 
180' to 400°F (hot 
water or steam) all sizes Absorption 
Over 400°F (steam) large systems Rankine cycle 
,- 63 
Source: Dao, pers. corn. 
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h e a t  exchanger which h e a t s  t h e  a i r  i n s i d e  a home o r  b u s i n e s s .  I n  t h e  
l a t e  n i n e t e e n t h  and e a r l y  t w e n t i e t h  c e n t u r y ,  geothermal hea t  was exten-  
s i v e l y  used i n  C a l i s t o g a ,  b e f o r e  low n a t u r a l  gas p r i c e s  caused a g r a d u a l  
d e c l i n e  i n  i ts  u s e .  Geothermal h e a t i n g  s y s t e m s  are c u r r e n t l y  being used 
i n  kioise, Idaho; Klamath F a l l s ,  Oregon; and i n  many o t h e r  areas around 
the world.  
Today, only two homes are  heated by geothermal ho t  water i n  t h e  
Geysers r eg ion .  The owners of t h e  "Old F a i t h f u l  Geyser" i n  C a l i s t o g a  
heat t h e i r  home w i t h  geothermal energy (Cream, pe r s .  comm.). Another 
home l o c a t e d  about  s i x  miles  s o u t h e a s t  of K e l s e y v i l l e  u s e s  geo-heat. A t  
t h i s  liome, a w e l l  being d r i l l e d  f o r  i r r i g a t i o n  purposes  s t r u c k  h o t  water 
a t  a dep th  of 500 f ee t .  The ten-inch diameter w e l l  produces about  60 
g a l l o n s  of water p e r  minute  a t  130 degrees  t o  160 degrees  F. The water 
i s  used f o r  space h e a t i n g  and hot  water f o r  showers,  but  t h e  boron con- 
t e n t  i s  t o o  high f o r  con t inuous  i r r i g a t i o n  (Tompkins, pe r s .  cornm.). 
The key c r i t e r i a  f o r  developing space  h e a t i n g  a p p l i c a t i o n s  of 
geothermal r e s o u r c e s  are t h e  dep th  of t h e  r e s o u r c e  and i t s  p rox imi ty  t o  
t h e  p o i n t  of u se .  Well c o s t  depends upon t h e  t y p e  o f  rock being 
d r i l l e d ,  but  always i n c r e a s e s  r a p i d l y  wi th  depth.  Long s u r f a c e  t r a n -  
s p o r t  b o t h  reduces t h e  h e a t  c o n t e n t  of t h e  f l u i d  a t  t h e  p o i n t  of u s e  and 
i n c r e a s e s  t h e  c a p i t a l  c o s t  of t h e  system. To be economical ly  f e a s i b l e ,  
a geothermal  h e a t i n g  system must show a p o s i t i v e  payback t o  t h e  use r .  
T h i s  means t h a t  t h e  c a p i t a l  c o s t  of t h e  energy system and a s s o c i a t e d  
i n t e r e s t  cha rges  must be exceeded by t h e  s a v i n g s  achieved i n  h e a t i n g  
f u e l  c o s t s .  The mild climate of t h e  Geysers r eg ion  a l r e a d y  r e s u l t s  i n  
h e a t i n g  c o s t s  below t h e  n a t i o n a l  average.  The re fo re ,  a geothermal  hea t -  
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i n g  system w i l l  probably be economical ly  a t t r a c t i v e  on ly  when c a p i t a l  
c o s t s  are he ld  t o  a n  a b s o l u t e  minimum ( i . e .  sha l low wells and minimum 
s u r f a c e  t r a n s p o r t ) .  
I n  t h e  Geysers r e g i o n ,  geothermal  space  h e a t i n g  i n  t h e  n e a r  f u t u r e  
i s  most promising i n  C a l i s t o g a  because t h e  sha l low dep th  geothermal  
r e s e r v o i r  and t h e  p re sence  of s e v e r a l  a v a i l a b l e  wells make t h e  system 
economical ly  a t t r a c t i v e .  Any new geothermal  d r i l l i n g  would r e q u i r e  a 
p u b l i c  h e a r i n g  p r o c e s s  b e f o r e  t h e  g r a n t i n g  of a c o n d i t i o n a l  u s e  perniit 
by t h e  P lann ing  Commission. For new u s e s  of e x i s t i n g  wells, pe rmis s ion  
would have t o  be ob ta ined  from t h e  Napa County Environmental  H e a l t h  Off- 
icer (Noble, p e r s .  comm.). Other  areas w i t h  geothermal  h e a t  a t  sha l low 
d e p t h ,  such as n e a r  ho t  s p r i n g s ,  are a l s o  p o t e n t i a l  l o c a t i o n s  f o r  geoth- 
ermal space  h e a t i n g .  E x i s t i n g  hot-sprfng r e s o r t s  u s e  geothermal  h e a t  as 
t h e i r  main t o u r i s t  a t t r a c t i o n .  Very few, however, make d i r e c t  u s e  of 
geothermal  energy f o r  space  h e a t i n g  (Lund, 1976). T h i s  u s e  r e p r e s e n t s  a 
cheap and s imple  a p p l i c a t i o n  which could be more f u l l y  u t i l i z e d .  
I n  t h o s e  areas i n  t h e  Geysers r e g i o n  wi thou t  sha l low geothermal  
r e s e r v o i r s ,  d r i l l i n g  w e l l s  s p e c i f i c a l l y  f o r  space h e a t i n g  a p p l i c a t i o n s  
i s  marg ina l ly  a t t r a c t i v e  a t  b e s t .  F o r t u n a t e l y ,  i t  is l i k e l y  t h a t  a con- 
s i d e r a b l e  number o f  w e l l s  w i l l  be d r i l l e d  which prove t o  be uneconomical 
f o r  electrical  u s e  (Thomas, pe r s .  comm.). Space h e a t i n g  a p p l i c a t i o n s  
u s i n g  t h e s e  w e l l s  w i l l  depend upon t h e  chance t h a t  a few wells are 
l o c a t e d  c l o s e  enough to  u s e r  communities. 
One means of e f f i c i e n t l y  us ing  t h e s e  deep geothermal  w e l l s  i s  t h e  
e s t a b l i s h m e n t  of a d i s t r i c t  h e a t i n g  system. A d i s t r i c t  h e a t i n g  system 
i n v o l v e s  supp ly ing  the rma l  energy from a s i n g l e  s o u r c e  t o  many u s e r s  i n  
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a l i m i t e d  geographic  area. The components of t h e  system i n c l u d e  one o r  
more p roduc t ion  wells,  a t r a n s p o r t a t i o n  p i p e l i n e ,  a d i s t r i b u t i o n  pipe- 
l i n e  s y s t e m ,  h e a t  exchangers  o r  o t h e r  equipnent  a t  t h e  p o i n t  of u s e ,  a 
r e t u r n  p i p e l i n e ,  and one  o r  more r e i n j e c t i o n  wells. Customers a re  usu- 
a l l y  b i l l e d  depending on  t h e  volume of hot  water they  draw from t h e  s y s -  
t e m .  
A d i s t r i c t  h e a t i n g  system i n  t h e  Geysers area could be s u p p l i e d  by 
t h e  h e a t  ou tpu t  of one o r  two t y p i c a l  wells. The maximum ho t  water 
t r a n s p o r t a t i o n  d i s t a n c e ,  f o r  bo th  t e c h n i c a l  and economic r e a s o n s ,  is  i n  
t h e  range of two t o  f o u r  m i l e s .  The l o n g e r  d i s t a n c e s  may on ly  be poss i -  
b l e  w i t h  a l a r g e  community, i n  which s e v e r a l  heavy u s e r s  of thermal  
energy e x i s t  ( e . g .  heavy i n d u s t r i e s ) .  
The d i s t r i b u t i o n  of hot  water t o  i n d i v i d u a l  r e s i d e n c e s  would be t h e  
major expense of a d i s t r i c t  h e a t i n g  s y s t e m  i n  t h e  Geysers r e g i o n ,  
because of t h e  low d e n s i t y  r e s i d e n t i a l  p a t t e r n  n e a r  t h e  areas of geoth- 
erml development. Due t o  t h e  c o s t  of t h e  d i s t r i b u t i o n  system, geother-  
m a l  d i s t r i c t  h e a t i n g  is most economical where thermal  energy u s e  p e r  
u n i t  of l and  area is  high. T h i s  h e a t  u s e  p a t t e r n  i s  o f t e n  found i n  
dense ly  populated rer::;dential o r  commercial areas,  o r  where i n d u s t r i e s  
u s e  large amounts of thermal  energy.  I n  o t h e r  areas where geothermal  
h e a t i n g  systems are i n  u s e ,  such as Bo i se ,  Idaho,  and Klamath F a l l s ,  
Oregon, t h e  systems were i n i t i a t e d  i n  t h e  downtown area where t h e  den- 
s i t y  of h e a t  u se  is g r e a t e s t .  The s y s t e m s  were l a t e r  expanded t o  o t h e r  
p a r t s  of t h e  community when t h e  economics of t h e  expansion was denon- 
s t r a t e d .  Establ ishment  and expansion of a d i s t r i c t  h e a t i n g  system i s  
easiest  when i n d i v i d u a l  b u i l d i n g s  have been p r e v i o u s l y  designed f o r  ease 
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of conve r s ion  t o  geothermal  h e a t i n g .  
Development -- Path .- f o r  Direct Use A p p l i c a t i o n s  
The economic c o n s i d e r a t i o n s  which guide e l ec t r i ca l  development w i l l  
a l s o  be e v i d e n t  i n  t h e  development of d i r e c t  u s e s  of geothermal  energy 
i n  t h e  Geysers r eg ion .  The f i r s t  d i r e c t - u s e  a p p l i c a t i o n s  w i l l  be opera- 
t i o n s  i n  which geothermal  h e a t  can r e s u l t  i n  s i g n i f i c a n t  f u e l  c o s t  sav- 
i n g s  (maximum r e t u r n )  w i t h  a minimum of r i s k  ( s e e  Table  2 1 )  and small 
c a p i t a l  i nves tmen t .  T h i s  f i r s t  group of a p p l i c a t i o n s  (Group 1 on Table  
21)  w i l l  most l i k e l y  be ene rgy- in t ens ive  o p e r a t i o n s  w i t h  proven geo the r -  
m a l  technology i n c l u d i n g :  c rop  d r y i n g ,  greenhouse c rop  p roduc t ion ,  and 
h e a t i n g  one o r  more commercial b u i l d i n g s .  I n  f a v o r a b l e  l o c a t i o n s ,  s h a l -  
low wells can  be used t o  supply h e a t  t o  homes and ho t  s p r i n l s  r e s o r t s .  
The r i s k s  i n h e r e n t  i n  s t a r t i n g  a srnall b u s i n e s s  are c o n s i d e r a b l e ,  
even under  t h e  b e s t  of c o n d i t i o n s .  Being among t h e  f i r s t  t o  u s e  a n  
a l t e r n a t i v e  energy s o u r c e  i n v o l v e s  some a d d i t i o n a l  r i s k  which ulany 
e n t r e p r e n e u r s  cannot  bea r .  Accordingly,  t h e  b e s t  p r o s p e c t s  f o r  i n i t i a l  
d i r e c t  u s e  a p p l i c a t i o n s ,  even i n  t h e  Group 1 end-use o p e r a t i o n s  l i s t e d  
above, w i l l  probably be t o  r e t r o f i t  an e x i s t i n g  b u s i n e s s  i n  t h e  Geysers 
r e g i o n  o r  t o  r e l o c a t e  an  e s t a b l i s h e d  b u s i n e s s  w i t h i n  t h e  r e g i o n  
l o c a t i o n  where known geothermal  r e s o u r c e s  c a n  be used.  
i n t o  a 
A f t e r  t h e  f e a s i b i l i t y  and b e n e f i t s  of t h e s e  low r i s k  r e t r o f i t  
d i r e c t - u s e s  have been demonstrated i n  t h e  Geysers r e g i o n ,  o t h e r  u s e s  
w i l l  appea r .  T h i s  second phase w i l l  empkasize new p r o j e c t s  designed f o r  
u s e  w i t h  geothermal  ene rgy  b u t  s t i l l  p r i m a r i l y  w i t h i n  t h e  Group 1 l i s t  
on Tab le  21. T h i s  phase should i n c l u d e  greenhouse o p e r a t i o n s ,  some c rop  
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Table 21 
Assessment of the Relative Feasibility of Several Possible 
Direct Uses of Geothermal Energy in the Geysers Region 
Group 1: Includes those direct applications which are already economically 
feasible, using existing shallow wells or non-commercial wells 
drilled for electrical production. 
Greenhouse vegetables or tree seedling production and packaging. 
Space heating in Calistoga - Individual homes or district system. 
Crop drying in Lake County - Fruits and Walnuts. 
Small-scale industrial processing - if transportation is not too 
Heating large commercial buildings. 
Hot springs resorts - balneology and space heating 
Absorption cycle cooling for high-use installations. 
great a problem. 
Group 2: Includes those direct applications which: a) are not as economically 
promising as those in Group 1; or b) need more research and devel- 
opment work; or c) depend on the availability of geothermal 
resources. 
in geothermal heating in the Geysers area and plan ahead to reduce 
distribution costs. 
Space heating in new housing developments-need to develop confidence 
Livestock production facilities. 
Vapor-jet compressor cooling system-need to improve efficiency. 
Multi-use applications. 
Dependent on Resource Availability: 
Mendocino County, all applications, especially greenhouse crop produc- 
Includes those direct applications for which substantial barriers to 
Heavy industrial processes - barriers include transportation, land use, 
Lumber drying - biomass is a simpler source of energy, transportation 
tion, fish processing, crop drying, pulp and paper industry. 
development exist in the Geysers region. 
quality and temperature of steam, etc. 
problems, excess sawmill capacity. 
Group 3: 
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d r y i n g ,  and both i n d i v i d u a l  and m u l t i p l e  s t r u c t u r e  s p a c e  c o n d i t i o n i n g  
u s e s .  The implementat ion of t h e  more complex d i r e c t  u s e s  r e q u i r e s  coor- 
d i n a t i o n  among t h e  r e s o u r c e  u s e r s  i n  o r d e r  t o  be s u c c e s s f u l .  Even f o r  
d i r e c t  u s e  o p e r a t i o n s  which are economical ly  v i a b l e  as s e p a r a t e  pro- 
j ec t s ,  c a r e f u l  p l ann ing  a t  t h e  l o c a l  l e v e l  w i l l  h e l p  t o  promote an  ord- 
e r l y  p a t t e r n  of development which i s  r e spons ive  t o  coi:imunity needs.  
While t h e  s i m p l e  d i r e c t  u s e s  desc r ibed  a s  Group 1 on Table  21  may 
be expec ted  t o  evo lve  i n  n o s t  of t h e  Geysers r e g i o n  c o u n t i e s  i n  t h e  
mid-to- la te  198O’s ,  t h e  more complex d i r e c t  u se  o p e r a t i o n s  are no t  
expected b e f o r e  t h e  1990‘s. 
I t  i s  g e n e r a l l y  assumed t h a t  d i r e c t  u s e  a p p l i c a t i o n s  w i l l  be sup- 
p l i e d  w i t h  l o c a l  sha l low wells since t h e  f u e l  s a v i n g s  from d i r e c t  uses 
can r a r e l y  cove r  t h e  c o s t  of even a s i n g l e  deep w e l l .  However, as 
e x p l o r a t i o n  and e l ec t r i ca l  development expand i n t o  more populated areas,  
a number of deep e x p l o r a t i o n  wells d r i l l e d  f o r  e l ec t r i ca l  p r o d u c t i o n  bu t  
which are no t  s a t i s f a c t o r y  f o r  t h i s  end u s e  w i l l  be a v a i l a b l e  f o r  o t h e r  
u s e s .  C a p i t a l  c o s t s  f o r  these u n s u c c e s s f u l  wel l s  are g e n e r a l l y  
accounted i n t o  the e l e c t r i c a l  production f u e l  c o s t s  and thus need no t  be 
borne by some o t h e r  end u s e r .  I n  g e n e r a l ,  producers  c o n s i d e r  a l i t t l e  
revenue from d i r e c t  u se  t o  be p r e f e r a b l e  t o  no revenue a t  a l l .  The 
geothermal development companies seem t o  be w i l l i n g ,  even anx ious ,  t o  
pursue d i r e c t  u s e  a p p l i c a t i o n s  e i t h e r  as a c o o p e r a t i v e  v e n t u r e  or  f o r  
d i r e c t  sales t o  a n  end u s e r  ( S t o l e s e n ,  Thomas, pe r s .  comm.). A v a i l a b i l -  
i t y  of t h e s e  deep wells may accelerate t h e  development of energy- 
i n t e n s i v e  u s e s  and o f  more complex u s e s  ( e . g .  d i s t r i c t  h e a t i n g  o r  a 
l a r g e  greenhouse complex). 
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A d d i t i o n a l l y ,  d i r e c t  u s e s  could be cascaded o f f  t h e  waste stream 
from a n  e l ec t r i ca l  power p l a n t  b e f o r e  r e i n j e c t i o n .  T h i s  type of cascade  
system has  a s i g n i f i c a n t  advantage ove r  s imilar  o p e r a t i o n s  w i t h  conven- 
t i o n a l  p l a n t s  s i n c e  t h e  geothermal  power p l a n t  o r  t h e  d i r e c t  u s e r  could 
s h u t  down wi thou t  a f f e c t i n g  t h e  o p e r a t i o n  of t h e  o t h e r .  However, u t i l i -  
t i e s  are  t r a d i t i o n a l l y  u n e n t h u s i a s t i c  about  c o g e n e r a t i o n  o p e r a t i o n s ,  and 
PGdE has  no t  expres sed  i n t e r e s t  i n  such a n  arrangement a t  The Geysers. 
I n d i v i d u a l  shal low wells and arrangements  w i t h  f i e l d  producers  appea r  
much more f e a s i b l e  w i t h i n  t h e  s c e n a r i o  p e r i o d .  Cascade systems are n o t  
i nc luded  i n  t h e  s c e n a r i o s  f o r  t h i s  p r o j e c t .  
The ra te  of d i rec t  u s e  development i n  t h e  Geysers r e g i o n  can  be 
e s t i m a t e d  by comparing o t h e r  geothermal  r e s o u r c e  areas i n  which d i r e c t  
u se  development h a s  a l r e a d y  begun. However, two f a c t o r s ,  unique t o  t h e  
Geysers r e g i o n ,  w i l l  tend t o  slow development i n  t h i s  area r e l a t i v e  t o  
o t h e r  l o c a l e s  ( e .g .  Klamath F a l l s ,  S u s a n v i l l e ) .  F i r s t ,  t h e  geothermal  
r e s e r v o i r  i n  most of t h e  Geysers r e g i o n  i s  l o c a t e d  beneath s e v e r a l  
thousand f e e t  of hard v o l c a n i c  rock ,  whereas i n  t h e  o t h e r  areas t h e  
r e source  i s  t y p i c a l l y  found beneath a few hundred f e e t  of s o f t e r  rock.  
T h i s  w i l l  i n c r e a s e  cap i t a l  c o s t s  i n  t h e  Geysers area. Second, t h e  t r a n -  
s p o r t a t i o n  c o s t  between a b u s i n e s s  l o c a t e d  a t  t h e  Geysers geothermal  
r e s o u r c e  and l a r g e r  o u t s i d e  markets  i s  p r o h i b i t i v e  f o r  many p roduc t s .  
Some bus inesses  which might o t h e r w i s e  be a t t r a c t e d  i n t o  t h e  area t o  u s e  
geothermal  h e a t  may see t h e i r  expected p r o f i t s  eroded by i n c r e a s e d  
c o s t  of t r a n s p o r t i n g  raw materials i n  and p roduc t s  o u t .  Thus, develop- 
ment of bus inesses  a b l e  t o  u s e  l o c a l l y - a v a i l a b l e  raw materials and t o  
s e l l  t o  l o c a l  markets  w i l l  be t h e  most l i k e l y  targets f o r  t h e  Geysers 
t h e  
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area and w i l l  r e t a r d  t h e  o v e r a l l  r a t e  of growth of d i r e c t  u s e  geothermal  
energy below t h a t  experienced i n  many o t h e r  areas. 
-__ Local - Employment and Demographic E f f e c t s  of Direct - Use 
E s t i m a t i n g  employment l e v e l s  as  a r e s u l t  of d i r e c t  u s e  of geother-  
mal ene rgy  development u s e s  a d i f f e r e n t  methodology t h a n  ernploy~ient 
estimates f o r  e l ec t r i ca l  development. T h i s  d i f f e r e n c e  i s  n e c e s s i t a t e d  
by t h e  d i s s i m i l a r i t i e s  i n  t h e  c h a r a c t e r i s t i c s  of t h e  two t y p e s  of 
deve l o  pnie n t . Ce o t he ma 1 e 1 e c t r i c  a 1 de ve  l o p  men t r eq u i res high-tech no logy 
equipment and e n g i n e e r i n g ,  l a r g e  c a p i t a l  r e s o u r c e s ,  and s u b s t a n t i a l  
l a b o r .  These f a c t o r s  l i m i t  development p a r t i c i p a t i o n  t o  a few l a r g e  
c o r p o r a t i o n s .  I n  c o n t r a s t ,  t h e  m u l t i t u d e  of d i r e c t  u s e  a p p l i c a t i o n s  
( s e e  Table  16)  r e l y  p r i m a r i l y  on s i m p l e  technology w i t h  c o n s i d e r a b l y  
lower t o t a l  c a p i t a l  c o s t .  T h e r e f o r e ,  a p o t e n t i a l  e x i s t s  f o r  a wide 
spectrum of l o c a l  honieowners and e n t r e p r e n e u r s  t o  become invo lved  i n  
d i r e c t  u s e  development. The much l a r g e r  number of p o t e n t i a l  p a r t i c i -  
p a n t s  makes enyloyment estimates f o r  d i r e c t  u s e  development d i f f i c u l t  
and t e n t a t i v e  a t  b e s t .  
With l o c a l  suppor t  and s t a t e  and f e d e r a l  a s s i s t a n c e ,  geothermal  
d i r e c t  u s e  could e v e n t u a l l y  provide a n  impor t an t  p a r t  of t h e  energy 
needs of t h e  Geysers re t i ion .  I n  c o n t r a s t ,  t h e  employment l e v e l s  r e s u l t -  
i n g  from d i r e c t - h e a t  u t i l i z a t i o n  are not l i k e l y  t o  be h igh  even i n  con- 
p a r i s o n  t o  t h e  employment l e v e l s  of e l ec t r i ca l  p r o d u c t i o n  frotn geo the r -  
m a l  energy.  A l a r g e  investment  i s  u s u a l l y  necessa ry  f o r  pu rchase  of 
equipment,  but  l i t t l e  l a b o r  i s  necessar;? f o r  set up and ve ry  l i t t l e  dur-  
i n g  normal o p e r a t i o n .  The m a j o r i t y  of t h e  h e a t  exchange r s ,  p i p e s  and 
o t h e r  equipment w i l l  probably be imported i n t o  t h e  Geysers r e g i o n ,  s o  
105 
few ( i f  any) new jobs  w i l l  develop i n  t h e  manufactur ing s e c t o r .  
Ketrof i t t i n g  of an e x i s t i n g  home o r  b u s i n e s s  t o  use  geotheriiiol 
energy i s  t h e  f o r e c a s t e d  c o u r s e  of i n i t i a l  direct-use deve1oyl;lent 
( through t h e  l a t e  1980’s) which w i l l  f u r t h e r  minimize any ef lect  on 
einployment p a t t e r n s .  F u r t h e r ,  most l i k e l y  k inds  of geothernial d i r e c t  
h e a t  systems r e q u i r e  l i t t l e  o r  no a d d i t i o n a l  l a b o r  f o r  o p e r a t i o n  and 
maintenance (Table  2 2 ) .  I n s t a l l a t i o n  of t h e s e  systei i is  i s  expected t o  
provide jobs  f o r  2 t o  20 persons f o r  a s h o r t  i n s t a l l a t i o n  p e r i o d ,  about 
1-2 months .  Ln t h e  ear ly  s t a g e s  of d i r e c t  u s e  development, t h i s  small 
amount of l a b o r  w i l l  probably be provided by e x i s t i n g  s e r v i c e s  such as 
l o c a l  plumbers and e lec t r ic ians .  Later, small d i r e c t  u s e  developtncnt 
companies may be formed t o  i n s t a l l  and ma in ta in  geotherinal systems. 
These would probably be similar t o  today’s sttiall solar-development com- 
p a n i e s ,  w i t h  a n  ave rage  of abou t  2-15 employees. By t h e  end of our  
s tudy  pe r iod  ( i n  t h e  year 2000), employnient i n  t h e  i n s t a l l a t i o n  and 
maintenance of d i r e c t - u s e  systems i s  u n l i k e l y  t o  exceed t h e  e q u i v a l e n t  
of twenty f u l l - t i m e  jobs  i n  e i t h e r  Mendocino o r  Lake Coun t i e s .  The Cal- 
i s t o g a  area of Napa County may p rov ide  5-10 f u l l - t i m e  j o b s ,  w i th  inore 
p o s i t i o n s  a v a i l a b l e  d u r i n g  t h e  i n s t a l l a t i o n  phase of a d i s t r i c t  h e a t i n g  
system. KO d i r e c t  u se  is  expected t o  occur  i n  t h e  Sonoina County p o r t i o n  
of t h e  Geysers f i e l d .  
Another employment e f f e c t  of d i r e c t  u se  which is  more d i f f i c u l t  t o  
q u a n t i f y  i s  t h e  number of non-energy r e l a t e d  jobs  which may be gene ra t ed  
by new bus inesses  based on geothermal  ene rgy ,  o r  by b u s i n e s s e s  moving 
i n t o  t h e  Geysers r e g i o n  t o  u t i l i z e  t h i s  r e source .  Because of t h e  cap i -  
t a l  c o s t s  of g e o t h e r u a l  d i r e c t - u s e  systems and t h e  remote l o c a t i o n  of 
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Table 22 
Potential Employment Levels and Locations for Selected 
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most of t h e  geothermal  r e s o u r c e ,  companies most l i k e l y  t o  u s e  geothermal  
energy are  t h o s e  w i t h  h igh  thermal  energy r equ i r emen t s  and r e l a t i v e l y  
low t r a n s p o r t a t i o n  needs.  Some of t h e  most l i k e l y  u s e r s  a l r e a d y  e x i s t  
i n  t h e  Geysers r e g i o n  (Table 2 2 ) ,  and t h e  r e t r o f i t  of a geothermal  sys-  
tern f o r  these a c t i v i t i e s  would g e n e r a t e  few new permanent j o b s ,  as d i s -  
cussed above. N e w  b u s i n e s s e s  l i k e l y  t o  move i n t o  t h e  Geysers r e g i o n  t o  
use  geothermal  h e a t  may i n c l u d e  some t y p e s  of l i g h t  manufacturing and 
food p rocess ing .  These are t y p i c a l l y  employers of on ly  srnall numbers of 
people.  T h e i r  e f f e c t  on t h e  number of jobs a v a i l a b l e  i s  not  l i k e l y  t o  be 
l a r g e  u n l e s s  s e v e r a l  such b u s i n e s s e s  are induced t o  r e l o c a t e  t o  t h e  
Geysers reti ion.  
I n  summary, t h e  o v e r a l l  employment e f f e c t s  of d i r e c t  u s e  develop- 
ment w i l l  be small. Except f o r  one major p o t e n t i a l  employer (greenhouse 
crop p r o d u c t i o n ) ,  probable  d i r e c t  use a p p l i c a t i o n s  are c a p i t a l  i n t e n s i v e  
but not  l a b o r  i n t e n s i v e .  Consider ing t h e  srnall numbers of employees i n  
most of t h e  a p p l i c a t i o n s  i n  Table 22  and t h e  p o s s i b i l i t y  t h a t  no t  a l l  of 
t h e s e  a p p l i c a t i o n s  rnay be economical ly  f e a s i b l e ,  t o t a l  employment i n  
d i r e c t  u s e  a p p l i c a t i o n s  i n  any one county i n  t h e  Geysers r e g i o n  i s  
u n l i k e l y  t o  be s i g n i f i c a n t .  
Direct and i n d i r e c t  employment r e s u l t i n g  from d i r e c t  u s e  of geoth- 
ermal energy w i l l  probably no t  exceed 20-30 f u l l - t i m e  jobs  i n  each of 
Lake and Mendocino Coun t i e s ,  and fewer i n  Napa and Sonoma Counties .  
Even t h o s e  low l e v e l s  w i l l  probably not  be reached u n t i l  t h e  mid t o  l a t e  
1990’s. 
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V .  DEMOGRAPHIC IMPLICATIONS - 
Assessing Cur ren t  Popu la t ion  Trends 
Two b a s i c  problems c o n f r o n t i n g  t h i s  t a s k  were t h e  l a c k  o f  a s ta-  
t i s t i c a l l y  r e l i a b l e  p o p u l a t i o n  d a t a  base  a t  and below t h e  county l e v e l  
more r e c e n t  t han  t h e  1970 census  and t h e  l a c k  of r e l i a b l e  p o p u l a t i o n  
f o r e c a s t s .  S ince  1970, a l l  fou r  c o u n t i e s  i n  t h e  Geysers r e g i o n  have 
experienced a c c e l e r a t e d  p o p u l a t i o n  growth. Various t echn iques  used t o  
estimate s h o r t  term p o p u l a t i o n  change have tended t o  produce widely 
d i v e r g e n t  estimates o f  county l e v e l  popu la t ion  i n  t h e  f o u r  c o u n t i e s  i n  
t h e  l a t e  1970's. Throughout t h i s  pe r iod  t h e  most r i g o r o u s  a n a l y s i s ,  
t h a t  by DOF, has c o n s i s t e n t l y  shown g r e a t e r  e s t i m a t e d  e r r o r s  i n  fo recas -  
t i n g  one and two year popu la t ion  changes i n  t h i s  r e g i o n  than  i n  o t h e r  
p a r t s  of t h e  s t a t e .  
Most o f  t h e  a v a i l a b l e  f o r e c a s t s  are based on i n f o r m a t i o n  developed 
by s t a t e  a g e n c i e s ,  p r i m a r i l y  t h e  C a l i f o r n i a  S t a t e  Department of Finance 
(DOF) Popu la t ion  Research Unit and t h e  C a l i f o r n i a  S t a t e  Employment 
Development  D e p a r t m e n t  (EDD)  Employment D a t a  and Research D i v i s i o n .  DOF 
p o p u l a t i o n  p r e d i c t i o n s  are based upon p r o j e c t i o n s  of e x i s t i n g  phenomena. 
That is, DOF's b a s e l i n e  popu la t ion  p r o j e c t i o n  series assumes t h a t  t h e  
components of popu la t ion  change (e.g.  f e r t i l i t y ,  m o r t a l i t y  and n e t  
m i g r a t i o n )  w i l l  no t  d r a s t i c a l l y  s h i f t  from t h e  p a t t e r n s  e s t a b l i s h e d  i n  
t h e  recent p a s t .  Thus DOF assumes t h a t  no major change (war ,  n a t u r a l  
d i s a s t e r  o r  r a p i d l y  expanded geothermal  a c t i v i t y )  w i l l  occur  t h a t  would 
a l t e r  t h e  q u a n t i t a t i v e  components o f  p o p u l a t i o n  (DOF, 1977).  I n  a fou r  
county area where r e c e n t  growth h a s  exceeded bo th  l o c a l  p r o j e c t i o n  and 
s t a t e  growth r a t e ,  t h e  v a l i d i t y  of such an assumption may be c h a l l e n g e d .  
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Thi , u n t i l  t h  next ensus  i t a k  i n  1980, any e x p l a n a t i o n  of 
socioeconomic t r e n d s ,  e s p e c i a l l y  i n  Lake County, i s  somewhat s p e c u l a -  
t ive  . 
County Popu la t ion  Data 
Tables  2 3  through 26 show t h e  v a r i o u s  sou rces  o f  i n fo rma t ion  
reviewed and t h e  d i sc repancy  between DOF popu la t ion  estimates and t h e  
d a t a  sou rce  most i n  disagreement  wi th  DOF's f i g u r e s .  
The a v a i l a b l e  d a t a  c o l l e c t e d  from county l e v e l  sou rces  were found 
t o  be g e n e r a l l y  inadequa te  f o r  ou r  purposes  because such d a t a  e i t h e r :  1 )  
r e fe renced  DOF as t h e  o r i g i n a l  d a t a  s o u r c e ,  e . g . ,  Lake County C h a m b e r  of 
Commerce, o r  2 )  t h e  premises ,  assumptions and v a r i a b l e s  used were not  
c l e a r l y  and unb iased ly  developed o r  are no t  widely recognized as re l ia -  
b l e  s u r r o g a t e s  f o r  popu la t ion ;  e .g .  Lake County S h e r i f f  Department and 
Nendocino's Planning Department's popu la t ion  estimates. T h e r e f o r e ,  d a t a  
developed a t  t h e  county l e v e l  were not used as p a r t  of t h e  d a t a  base  f o r  
e s t i m a t i n g  p o p u l a t i o n  change i n  t h i s  s t u d y .  I n s t e a d ,  t h e  f o r e c a s t s  used 
h e r e  are d e r i v e d  from t h e  Department of Finance,  P o p u l a t i o n  Research 
Unit ' s  p r o j e c t i o n s  and ' f u t u r e  t r e n d s .  P r o j e c t e d  p o p u l a t i o n  f o r  each 
county f o r  a g iven  yea r  i s  reviewed by DOF when h i s t o r i c a l  d a t a  f o r  t h a t  
yea r  are a v a i l a b l e .  an  
e r r o r  of p r o j e c t i o n  estimate,  and some concept f o r  t h e  sou rce  o f  t h e  
e r r o r  may be o b t a i n e d .  Base yea r  (1979) p o p u l a t i o n  estimates were 
ob ta ined  by applying t h e  1977-1978 c o r r e c t i o n  f a c t o r  t o  1979 p r o j e c t e d  
popu la t ion .  1980-1985 p r o j e c t i o n s  were c o r r e c t e d  by a l i n e a r l y  
d e c l i n i n g  p o r t i o n  of t h i s  1979 c o r r e c t i o n  f a c t o r  i n  o r d e r  t o  p reven t  
d i s c o n t i n u i t i e s .  DOF p r o j e c t e d  annual  popu la t ion  change estimates 




County Population Estimates and Pro jec t ions  By Data Source 
(Population i n  Thousands) 
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970 1975 1977 1978 1980 1990 
93.1 94.0 100.3 125.7 151.0 9.14 90.6 
96.4 99.1 
101.6 126.6 88.2 
98.6 109.6 118.1 90.0 
94.0 98.6 
3% 2% 13% 22% 
Table 24 
MENDOCINO COUNTY 
County Population Estimates and Projections By Data Source 
(Population in Thousands) 
1970 - 2000 
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Table 25 
LAKE COUNTY 
County Population Estimates and Projections By Data Source 
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SONOMA COUNTY 
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% Discrepancy from DOF: 1% 26% 11% 11% 2% 
beyond 1985 were used without  c o r r e c t i o n .  
The  Department of Finance 's  popu la t ion  e s t i m a t e s  are widely used by 
p l anne r s  i n  v a r i o u s  b u s i n e s s ,  government and non-p ro f i t  agenc ie s  
throughout t h e  s t a t e  and a r e  c o n s i s t e n t  w i t h  accepted methodologies and 
q u a l i t y  c o n t r o l  checks.  DOF e s t i m a t e s  popu la t ion  change based  upon  
d e a t h  r e c o r d s ,  b i r t h  c e r t i f i c a t e s ,  Federal  income t a x  r e t u r n s ,  school  
enrol lment  s t a t i s t i c s ,  Medicare s t a t i s t i c s ,  m i l i t a r y  and o t h e r  i n s t i t u -  
t i o n a l  popu la t ion  s t a t i s t i c s ,  d r i v e r  l i c e n s e  a d d r e s s  change f i l e ,  v o t e r  
r e g i s t r a t i o n  r e c o r d s  and d a t a  s u p p l i e d  by both l o c a l  and n a t i o n a l  agen- 
c i e s .  I n  comparing DOF e s t i m a t e s  wi th  33 county censuses  perforined 
s i n c e  1970, t h e  Department h a s  maintained accuracy l e v e l s  of plus/minus 
2 percent  i n  two-thirds  of t h e  c o u n t i e s  and i n  on ly  two c o u n t i e s  were 
e r r o r s  i n  excess  of f i v e  pe rcen t  (DOF,  1978).  The use  o f  c o r r e c t e d  
estimates f o r  Geysers a r e a  c o u n t i e s  f o r  t h i s  s t u d y  means t h a t  p o t e n t i a l  
e r r o r s  i n  t h e  upper end o f  t h i s  e r r o r  range should be avoided i n  o u r  
f o r e c a s t s .  
Kecent - I n m i g r a t i o n  Trends 
C a l i f o r n i a ' s  r e c e n t  n e t  i n m i g r a t i o n  h a s  v a r i e d  from a h igh  of  
320,000 new r e s i d e n t s  i n  1963 t o  a low of 10,000 i n  1972. S ince  1972, 
DOF has  p r o j e c t e d  n e t  i n -mig ra t ion  a t  an average of around 150,000 pe r  
y e a r .  The l a t e s t  in -mig ra t ion  estimate (233,000 f o r  FY 781, i f  accu- 
ra te ,  r e p r e s e n t s  t h e  h i g h e s t  l e v e l  s i n c e  1964. The r e v i s e d  e s t i m a t e d  
components of change i n  t h e  S t a t e ' s  p o p u l a t i o n  i s  shown on Table  27 
(DOF, 1978) .  
DOF a n a l y s e s  have found t h a t  t h e  r e c e n t  growth r a t e  f o r  non- 
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Estimated Components of Change in California's 
Civilian Population, 1971-1978 
(in Thgusands) 
1971 1972 1973 1974 1975 1976 1977 1978 
19,943 20,122 20,254 20,610 20,909 21,239 21,612 22,023 
299 179 232 256 299 330 373 411 
184 144 130 131 145 153 174 178 
(352) (313) (303) (301) (316) (323) (342) (351) 
(168) (169) (173) (170) (171) (170) (168) (173) 
81 10 100 122 151 174 199 233 
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m e t r o p o l i t a n  a r e a s  i s  double t h a t  f o r  m e t r o p o l i t a n  a r e a s .  T h i s  i s  
r e f l e c t e d ,  f o r  example, i n  Lake County's popu la t ion  growth of  6 2 . 2  per- 
cen t  between 1970 and 1978. Only two o t h e r  c o u n t i e s  i n  C a l i f o r n i a  
exceed th i s  r a t e  (EDD, 1979).  In  f a c t ,  Lake County i s  cons ide red  t h e  
f a s t e s t  growing of any of t h e  n o r t h  c o a s t  c o u n t i e s  ( s e e  Table 2 8 ) ;  a 
l a r g e  f r a c t i o n  of t h i s  growth c o n s i s t s  of new r e s i d e n t s  over  age 55. 
Change i n  popu la t ion  and components of change a r e  c a l c u l a t e d  annu- 
a l l y  by DOF f o r  each county.  Table 28 l i s t s  the  components of  change 
f o r  t h e  yea r  1970-71 and 1977-78 f o r  each county i n  t h e  Geysers r e g i o n  
whi le  Table 29 summarizes the  n e t  change from 1970 t o  1978, and Table 30 
shows long term h i s t o r i c a l  (1950-70) t r e n d s .  
The S t a t e  of C a l i f o r n i a  i s  expected t o  c o n t i n u e  t o  exceed t h e  
n a t i o n a l  average  f o r  popu la t ion  growth (PGbE, 1979).  A l l  f ou r  Geysers 
r e g i o n  c o u n t i e s  a r e  a l s o  expec ted  t o  expe r i ence  h igh  annual growth ran-  
g ing  from a low of 1 . 5  pe rcen t  (Sonoma) t o  a h igh  of 4.3 pe rcen t  (Lake) 
between yea r s  1979 and 1980. The S t a t e  Department of Finance's n e t  i n -  
m i g r a t i o n  p a t t e r n  p r o j e c t s  t o t a l  i n c r e a s e  of 41,000 i n  t h i s  r e g i o n .  
County Popu la t ion  C h a r a c t e r i z a t i o n  
A popu la t ion  c h a r a c t e r i z a t i o n  summary f o r  each county fo l lows .  The 
c h a r a c t e r i z a t i o n s  of t h e  f o u r  c o u n t i e s  c o n s i s t  of p o p u l a t i o n ,  geographic  
a r e a ,  economic, and l a b o r  f o r c e  t r e n d s  and ou t look .  G e n e r a l l y ,  t h e  
r e g i o n  has exper ienced  l a r g e  popu la t ion  g a i n s  i n  a l l  c o u n t i e s  except  
Mendocino s i n c e  1950 (See Table 311,  and Mendocino has  exper ienced  r a p i d  
growth s i n c e  1970. Per c a p i t a  income i s  below s t a t e  average i n  a l l  four  
c o u n t i e s  ( s e e  F igu re  30) and unemployment rates i n  Lake and Sonoma Coun- 
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Table 28 
Annual Change i n  Population and Components o f  Change 








Civ i l -  Basic 
Total  M i l i t .  an M i l i t .  S t a t e  C iv i l -  Natl. Trans- 
Pop. S t a t ion  Pop. Grp.Qtrs. Ins t .  College an Pop Bi r ths  Deaths Incr.  fer  Migration 
1231 0 1231 0 - 17 0 1248 257 350 - 93 24 1317 
1784 - 6 1790 0 - 48 29 1803 1122 929 193 108 1502 
1084 - 33 1117 0 -322 0 1406 958 542 416 76 914 
7740 38 7702 - 32 -391 0 8170 3587 2122 1465 280 6425 






2379 0 2379 0 - 7  0 2386 414 433 - 19 0 2405 
889 0 889 0 - 71 - 20 980 1025 1012 13 0 967 
2479 0 2479 0 - 15 0 2494 1044 503 541 0 1953 
9176 Y 9176 - 196 - 29 0 9401 3885 2400 1485 0 7916 -I 
TOTAL 14923 0 14923 - 196 -122 - 20 15261 . 6368 4348 2020 0 13241 I REGION1 
Source: Population Research Unit 






% Births  Deaths Migration county 4/70 7/78 Increase 
LAKE 19,548 31,700 12,200 62.2 2,300 3,400 13,300 
MENDOCINO 51,101 63,900 12,800 25.0 7,700 4,500 9,600 
NMA 79,140 94,000 14,900 18.8 8,500 8,000 14,400 
SONOMA 204 , 885 771,600 66,700 32.6 28,200 19,500 58,000 
REGION 354,674 461,200 106,660 30.0 46,700 35,400 95,300 
1,040,100 STATE 19,971,069 22,297,000 2,326,300 11.6 2,690,200 1,404,000 




















Population and Per Capita Income Trends 























% Change Per Decade 
1950 - 1960 1960 - 1970 
POP. $ POP. $ 
20 86 42 31 
01 80 25' 
41 77 20 87 
58 39 50 73 
37 64 28 65 
48 42 27 63 
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I I I I I I I I I I I I I 1 
I I I I I I I I I I I I I I I 
Year 
0 5 9  62 65 66 67 68 69 70 71 72 73 74 75 76 77 
XBL 804-681 
Fig. 30. Per Capita Personal Income; S t a t e  and Four County Comparison, 
1950-1977 
Source: Income from U.S. Department of Commerce (1979) 
Population from Ca l i fo rn ia  Department of Finance Population 
Research (1979) 
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t i e s  exceed S t a t e  averages  (BLM, 1975).  
Following t h e  n a r r a t i v e  p r o f i l e  of each county ,  f i g u r e s  and t a b l e s  
a r e  u s e d  t o  i l l u s t r a t e  t h e  popula t ion ' s  s o c i a l  c h a r a c t e r i s t i c s ,  with 
emphasis on:  l a b o r  f o r c e  by r a c e ,  sex and age;  poverty l e v e l  pro jec-  
t i o n s ;  and popu la t ion  and labor  fo rce  s t a t i s t i c s  on t h e  youth (age 14-21 
y r s . ) .  
Lake County 
- 1. Popula t ion  - and Geographic Desc r ip t ion :  
Lake County i s  bounded by Mendocino County on t h e  wes t ,  Sonoma and 
Napa Count ies  t o  the  south  and Yolo, Colusa and Glenn Count ies  on t h e  
e a s t .  The county has  no major highway, bu t  S t a t e  Highway 20 connec ts  
t h e  a r e a  t o  US 101 and I n t e r s t a t e  5. The county i s  most noted f o r  Clear  
Lake, wi th  over  43,000 a c r e s  of s u r f a c e  water  ( 5 pe rcen t  of  t h e  
county 's  l and )  and i s  C a l i f o r n i a ' s  l a r g e s t  n a t u r a l  l a k e  (EDD, 1979).  
Extens ive  r e c r e a t i o n a l  f a c i l i t i e s  e x i s t  around t h e  l a k e .  Lake County's 
Chamber of  Commerce e s t i m a t e s  t h a t  100,000 v a c a t i o n e r s  use  t h e  l a k e  
d u r i n g  t h e  summer months. 
Lake County's popu la t ion  grew 62.2 percent  d u r i n g  t h e  pe r iod  1970- 
1978 and i s  t h e  f a s t e s t  growing county i n  t h e  r eg ion .  The m a j o r i t y  of 
t h e s e  new r e s i d e n t s  were over  age 5 5 ,  adding t o  t h e  county 's  a l r eady  
l a r g e  r e t i r e m e n t  community ( s e e  F igure  31) .  Lakepor t ,  t h e  county s e a t  
and t h e  on ly  inco rpora t ed  c i t y ,  exper ienced  a growth of approximately 
575 new r e s i d e n t s  between 1970 and 1973 (EDD, 1979).  The county popula- 
t i o n  i s  predominant ly  r u r a l  (70 p e r c e n t ) ,  and r a c i a l l y  composed of 96.8 
percent  Chamber of Commerce, whi te  and 3.2 percent  non-white (Lake Co. 
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I r 
0 Lake County,Ca. in 100s (l"=500 persons) 
Califortiia state in 100,000s (1"=500,000 persons) 
Age group Male I Female 
0-4 I I I . I i 
Lake County Total Population, 
State Total Population, 
Lake County Median Age, 
State Median Age, 
25,393 1975 EST. - 
1975 EST. - 21,198,114 
1975 EST. - 46.4 YRS.(aIGHEST) 
1975 EST. - 29.24 YRS 
Source:  Popu la t ion  Research U n i t ,  
S t a t e  Department of F inance ,  1977 
Ginnis  & Assoc ia t e  Engineers  
85 PLUS 
Fig. 31. 1975 Population Age Tree XBL804-673 
1979).  
P a s t  t r e n d s  i n d i c a t e  t h a t  an aging popu la t ion  i n  a county r e s u l t s  
0 
i n  a d e c r e a s e  i n  t o t a l  p o p u l a t i o n ,  i n  school  age p o p u l a t i o n ,  and i n  t h e  
county 's  young a d u l t  popu la t ion  group. San F ranc i sco  County's popu la t ion  
i s  an example of t h i s  t r e n d .  Lake County, however, h a s  a p o p u l a t i o n  
d i s t r i b u t i o n  t h a t  is  unique:  a r a p i d l y  i n c r e a s i n g  school-age popu la t ion  
(most o f  whom were not born i n  Lake County),  a d e c l i n e  i n  t h e  parent-age 
popu la t ion  group (20-39  y e a r s  o l d ) ,  a s t e a d y  middle-age popu la t ion  (40- 
54 years o l d )  and a h igh  o l d e r  a d u l t  popu la t ion  (55-85 y e a r s  o l d ) .  
(G inn i s  6 A S S O C . ,  1979, DOF, 1979).  
Lake County i s  the o n l y  county i n  t h e  s t a t e  where d e a t h s  exceed 
l i v e  b i r t h s .  S ince  1970, t h e r e  have been an average of 409.1 d e a t h s  pe r  
year ,  compared t o  a n  annual  average o f  280.8 l i v e  b i r t h s  p e r  year ( s e e  
Table  2 8 ) .  Thus t h e  i n c r e a s e  i n  popu la t ion  s i n c e  1970 r e f l e c t s  heavy 
i n - m i g r a t i o n  a t  an average 1640 persons p e r  year. 
2 .  Economic and Labor Force Trends - --- 
The C a l i f o r n i a  Employment Development Department (EDD) p r o j e c t s  
employment t o  c o n t i n u e  i t s  c u r r e n t  upward t r e n d  i n  Lake County, wh i l e  
unemployment i s  f o r e c a s t e d  t o  r ise  s l i g h t l y  i n  1979 and t h e n  d e c l i n e  
below 1978 l e v e l s  i n  1980 as  employment l e v e l s  r i s e .  However, t h e  
annual unemployment r a t e  w i l l  c o n t i n u e  t o  ou tpace  s ta te  and n a t i o n a l  
ra tes  due t o  t h e  l a r g e  number o f  s e a s o n a l l y  unemployed job-seekers  from 
t h e  county's  two major i n d u s t r i e s ,  t ou r i sm and a g r i c u l t u r e  (EDD, 1979).  
Table  32 i l l u s t r a t e s  t h e  county 's  employment/unemployment t r e n d s .  1979 
and 1980 f i g u r e s  are p r o j e c t i o n s  from EDD. 
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Table 32 







1978 1979 1980 
12 , 375 13,000 13,525 
11,250 11,800 12 , 325 
1,125 1 , 200 1,200 
9.1 9 . 2  8 . 9  
Source: Employment Development Division, 1979 
Employment includes persons involved in labor-management 
trade disputes. 
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Wage and s a l a r y  worker s t a t i s t i c s  f o r  1978, 1979 and 1980, by 
i n d u s t r y  i n  Lake  County are shown i n  Table  33. F igu re  30 shows Lake 
County pe r  c a p i t a  pe r sona l  income be ing  lower than  t h a t  of any o t h e r  
county i n  the r e g i o n .  F u r t h e r ,  Lake is t h e  o n l y  county where t h i s  
income s t a t i s t i c  i s  f a l l i n g  f u r t h e r  below, r a t h e r  t han  c a t c h i n g  up wi th  
t h e  s t a t e  average.  
I n  broad terms, Lake County's l a b o r  market has  a s h o r t a g e  of h i g h l y  
s k i l l e d  l a b o r  and an  abundant supply of s emi - sk i l l ed  and u n s k i l l e d  work- 
e r s .  The c u r r e n t  t r e n d  toward s k i l l e d  employment growth w i l l  c reate  an 
i n c r e a s i n g  demand f o r  workers w i th  s p e c i f i c  t r a i n i n g ,  s k i l l s  o r  
expe r i ence  and a growing s u r p l u s  o f  s e m i s k i l l e d  and u n s k i l l e d  job- 
seekers (EDD, 1979) .  
Lake County's demography i s  c h a r a c t e r i z e d  by a c i v i l i a n  l a b o r  f o r c e  
p o p u l a t i o n  w i t h  a small non-white p o p u l a t i o n  group (Table  341, a median 
income below t h e  s t a t e  ave rage ,  a l a r g e  p o r t i o n  made up o f  re t i rees  
l i v i n g  on f i x e d  incomes ( i n  1974 government t r a n s f e r  payments comprised 
33  pe rcen t  of t o t a l  county pe r sona l  income, a s  shown on Tab le  351, h igh  
unemployment among youth (Table  36) and,  a high pe rcen tage  of t h e  county 
p o p u l a t i o n  l i v i n g  below pove r ty  l e v e l  ( s e e  Table  3 7 ) .  
Napa County 
- 1. Popu la t ion  - and Geographic D e s c r i p t i o n  
Napa County i s  p a r t  of t h e  nine-county "Bay Area" and t h e  seven 
county "Redwood Empire". Located 45 miles west of t h e  P a c i f i c  Ocean, 
t h e  county i s  surrounded by Lake County on t h e  n o r t h ,  Sonoma County on 
t h e  west and Solano County on i t s  s o u t h e a s t e r n  bo rde r s .  Napa county is 
Table 33 
Annual Averages 
Wage and Salary Workers 
Wage and salary wor- 
kers’ 
Agriculture, agric. 




Construction & mining 
Manufacturing 








1 Annual Averages 
1978 1979 1980 































- 1/ Data for 1978 are preliminary; 1979 and 1980 figures are forecast. 
- 2/ Wage and salary employment is reported by place of work and does 
not include persons involved in labor-management trade disputes. 
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A 
r Total White Black Other 
Both sexes 
Total (b) 135 30 113000 60 460 
Male 8000 7680 50 270 
Total 
16 110 100 (c) (c) 
17 150 150 (C) 10 
18 150 140 (C) 10 
19 130 130 (c) 10 
20 120 120 (CI (c) 
21 110 110 (c) (c) 
22 110 100 (c) (c) 
23-24 250 240 (c) 10 
25-34 1540 1470 10 60 
35-44 1380 1290 30 so 
45-49 780 740 10 30 
50-54 880 860 10 20 
55-59 940 910 (c) 30 
60-64 780 760 (e) 20 
65+ 570 560 ( E )  10 
Female 
Total 5520 5320 (c) 200 
16 70 70 (c) (C) 
17 130 120 (c) 10 
18 130 130 (c) 10 
19 150 140 (c) 10 
20 130 130 (c) 10 
21 120 110 ( c )  10 
22 110 110 (c) 10 
23-24 220 210 (c) 10 
25-34 1130 1090 (c) 40 
35-44 990 950 (c) 40 
45-49 480 460 (c) 20 
50-54 530 500 (c) 30 
(a) The Spanish American population is defined as persons 
Table 34 
Lake County 













































Aid to Families with Dependent Children 
Food Stamp Recipients 
General Home Relief Recipients 
Children in Foster Family Homes 
Children in Institutions 
Age 
Under 65 
72 and over 
65-71 
2,07l(familie! 







B. Public AssistaDce Recipients 
September 1978b Number of People 
a. Source: Social Security Administration 








Lake County Youth Statistics 

















20- 2 1 
B. Youth, 14-21 Years Old, Not in School and Not High School 





























American - c/ 
10 
a/ Excludes wives, heads of families, and members of armed forces. 
not add to total because of independent rounding. 
b/ Less than 5. 
- c/ Spanish Americans are defined as individuals of Spanish language or Spanish 
surname. 
white, black, or  other races. 
Parts may 
Spanish Americans are also included in the racial categories as 























































































- a/ Excludes individuals living in group quarters. 
add to total because of independent rounding. 
b/ Less than 5. 
- c/ Spanish Americans are defined as individuals of Spanish language 
or Spanish surname. Spanish Americans are also included in the 
racial categories as white, black, or other races. 
Parts may not 
- 
Source: E.D.D. 1979 
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45 m i l e s  no r th  of San Francisco-Oakland, which s e r v e  as t h e  county 's  
b a s i c  t r a d i n g  area (BLM, 1975).  The C i t y  of Napa i s  t h e  county s e a t  and 
i s  one o f  t h e  fou r  i n c o r p o r a t e d  c i t i e s  w i t h i n  t h e  county 's  758 s q u a r e  
miles. A l l  f ou r  c i t i e s  a r e  l o c a t e d  i n  t h e  Napa V a l l e y ,  n a t i o n a l l y  known 
f o r  i t s  wine i n d u s t r y .  The mountain ranges which surround Napa Val ley 
have an e l e v a t i o n  of up t o  4 ,400 f e e t  and are  a major r e c r e a t i o n a l  
r e s o u r c e  f o r  t h e  San F r a n c i s c o  Bay Area. Lake Berryesa,  l o c a t e d  i n  t h e  
county 's  e a s t e r n  mountain r ange ,  i s  t h e  most s i g n i f i c a n t  r e c r e a t i o n a l  
a t t r a c t i o n  i n  t h e  county (EDD, 1975)). 
Napa County's popu la t ion  inc reased  an  e s t i m a t e d  18.8 pe rcen t  
(14,860 new r e s i d e n t s )  between 1970 and 1978. Th i s  i n c r e a s e  brought  t h e  
county 's  t o t a l  popu la t ion  t o  94,000 a s  of J u l y ,  1978 (DOF, 1979).  O f  
t h e  fou r  i n c o r p o r a t e d  c i t i e s ,  C a l i s t o g a  had t h e  l a r g e s t  pe rcen t  i n c r e a s e  
(81.7 pe rcen t  - see Table 381, b u t  t h e  C i t y  of Napa had t h e  l a r g e s t  
a b s o l u t e  p o p u l a t i o n  i n c r e a s e  (12,670 o r  35.2 p e r c e n t ) .  The C i t y  of 
Napa, t h e  commercial and r e s i d e n t i a l  hub of t h e  county,  h a s  sought  t o  
c o n t r o l  i t s  fast-paced growth. I n  1979, t h e  C i t y  o f  Napa adopted a 
growth management plan. The goal of this plan is to l i m i t  t h e  c i t y ' s  
growth t o  75,000 by t h e  year 2000 by r e s t r i c t i n g  r e s i d e n t i a l  cons t ruc -  
t i o n  (EDD, 1975)). 
Unincorporated areas of t h e  county o u t s i d e  t h e  Napa Va l l ey  have no t  
d i s p l a y e d  any s u b s t a n t i a l  growth. I n  f a c t ,  t h e s e  areas have shown a 
moderate d e c r e a s e .  The t r end  o f  m i g r a t i o n  toward t h e  u rban  c e n t e r s  h a s  
a c t e d  t o  conserve t h e  county's  a g r i c u l t u r a l  and s c e n i c  land r e s o u r c e s  
o u t s i d e  of t h e  Napa v a l l e y  (EDD, 1979).  
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Table 38 















2 332 2 950 
1. U . S .  Census, 1970 









2 .  Economic and Labor Force Trends - --- 
Labor f o r c e  t r e n d s  i n  Napa County a r e  expected t o  f o l l o w  t h e  same 
p a t t e r n  as i n  t h e  Val le jo-Fairf ie ld-Napa Standard M e t r o p o l i t a n  S t a t i s t i -  
c a l  Area (SMSA) as a whole. T h i s  p a t t e r n  p r o j e c t s  t o t a l  employment for 
Napa County t o  have expanded by 900 between 1977 and 1978 and t o  
i n c r e a s e  an a d d i t i o n a l  2,500 t o  a t o t a l  o f  32,400 employed persons by 
1980 ( s e e  Table  3 9 ) .  Between 1977 and 1978, unemployment i n  t h e  
Val le jo-Fairf ie ld-Napa SMSA f e l l  by 1400, r e s u l t i n g  i n  an  ave rage  unem- 
ployment r a t e  of  b . 6  p e r c e n t .  T h e  Unemployment ra te  i n  Napa h a s  h i s t o r -  
i c a l l y  been lower t h a n  t h a t  of t h e  t o t a l  SMSA area and t h e r e  i s  no a n t i -  
c i p a t e d  change i n  t h i s  t r e n d .  
P r o j e c t e d  employment g a i n s  are i n  s e r v i c e ,  r e t a i l  t r a d e  and 
manufactur ing i n d u s t r i e s  (see Table 3 9 ) .  I n c r e a s e s  i n  t o t a l  employment 
are a t t r i b u t e d  t o  i n c r e a s e d  p o p u l a t i o n ,  and inc reased  p a r t i c i p a t i o n  o f  
women and youth i n  t h e  l a b o r  f o r c e  ( E D D ,  1979).  
Per c a p i t a  income i n  Napa County c o n t i n u e s  t o  r i se ,  a l though  i t  i s  
slightly (4%) b e l o w  t h e  s t a t e  average. Figure 30 shows a comparison of 
Napa County's pe r  c a p i t a  p e r s o n a l  income from 1950 t o  1977 w i t h  t h a t  of 
t h e  S t a t e ' s .  Napa County's major economic and l a b o r  f o r c e  t r e n d s  
i n c l u d e  : 
Non-agricul ture  wage and s a l a r y  growth w i l l  s low s l i g h t l y  d u r i n g  
1979-1980. 
P a y r o l l  expansion i s  p r o j e c t e d  i n  e v e r y  major i n d u s t r y  d i v i s i o n .  
S e r v i c e s ,  r e t a i l  t r a d e  and manufactur ing account  f o r  75 p e r c e n t  of 
a l l  new j o b s .  
P e r  c a p i t a  income i s  c o n t i n u i n g  t o  r ise .  T h i s  t r end  i s  p r o j e c t e d  t o  
c o n t i n u e  . 
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Table 39 
Projected Employment Growth 
By Major Industry 
Mapa County 
1978-1 980 
le0 TRAWSPORTATIOW b PUBLIC UTILITIES 
1@0 UHOLESALE tRllM 
108 PINWCE, INSURIY(CE, b REAL ESTATE 
I o -wI 
I 1 I I 1 I I I 1 I 1 I I I 1 I 
e 200 400 688 800 
I I I I 
Source: EDD, 1979 
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- Youth unemployment i s  p ro jec t ed  a t  a r a t e  of 12.7 percent  by 1980. 
Tables  40 through 42 a r e  s o c i a l  d a t a  included t o  provide  a d d i t i o n a l  
c h a r a c t e r i z a t i o n  of  Napa county.  
Mendocino County 
- 1 .  Popula t ion  - and Geographic Desc r ip t ion :  
Located about  100 m i l e s  n o r t h  of San F ranc i sco ,  Mendocino County i s  
bounded by t h e  P a c i f i c  Ocean, and on t h e  in land  sides by t h e  "Redwood 
Empire" c o u n t i e s  o f :  Humboldt, T r i n i t y ,  Tehama, Glenn, Lake and Sonoma. 
Most of  the  county 's  3,500 squa re  miles a r e  r u r a l  and t h e  t r a d i t i o n a l  
mains tays  of l o c a l  economy a r e  abundant t imber  r e sources  and a g r i c u l -  
ture .  The scen ic  c o a s t l i n e  and outdoor  r e c r e a t i o n a l  f a c i l i t i e s  have 
become an i n c r e a s i n g l y  popular  t o u r i s t  r e source  and are now comparable 
t o  t imber  and a g r i c u l t u r e  i n  importance t o  t h e  l o c a l  economy. (Mendo- 
c i n o  County Chamber of Commerce, 1979).  
Ukiah, t h e  t h e  county 's  l a r g e s t  c i t y  and county s e a t ,  is l oca t ed  
a long  t h e  U.S. 101 c o r r i d o r ,  where m o s t  of the county ' s  popu la t ion  is 
c e n t e r e d .  Between 1970 and 1978, t h e  county 's  t o t a l  popu la t ion  
inc reased  by 12,800,  o r  25% ( s e e  Table  4 3 ) .  For t h e  15-year per iod  
p r i o r  t o  1970, Mendocino County's popu la t ion  remained f a i r l y  cons t an t  a t  
an  average of  49,900. The 1970 u r b a n / r u r a l  d i s t r i b u t i o n  was 3 4 . 5  per- 
cen t  urban and 65.5 pe rcen t  r u r a l .  Most of the r e c e n t  growth has  
occurred  i n  unincorpora ted  communities (DOF, 1979).  
The county p r o j e c t s  cont inued popu la t ion  growth because o f  t he :  1) 
a t t r a c t i v e n e s s  of t he  r u r a l  n a t u r e  of t h e  county ,  2 )  i nc reased  r e t a i l  
Table 40 
Napa County 









































































































































(a) The Spanish American population is defined as persons of 
Spanish language o r  Spanish surname. Spanish Americans a r e  
a l s o  counted i n  the  r a c i a l  categories  as white, black o r  
other  races.  
(b) Parts may not  add t o  t o t a l s  because of independent rounding. 
(c) Less than 5. 
Due t o  improvements i n  the  methodology €or preparing these 
labor  force estimates, the  data  a r e  not comparable t o  estimates 
published i n  previous years.  




































Table  4 1  
Napa County Youth S t a t i s t i c s  
Popula t ion  
Labor Force 
Unemployment 
A .  Youth, 1 6 - 2 1  Years Old Popula t ion  and Labor Force S t a t u s  
1980 ( p r o j e c t e d )  




T o t a l  
I 
Unemployment Rate 12.7 
White 
.- 
Youth, 14-21 Years Old, Not i n  School and Not High School Graduates 






I :*la l e  1 




20- 2 1 
Female 
' T o t a l  
14-15 
' 16-17 
' 18-19 i ' ! 20-21 
I 
~ 





















Black Spanish  
American c/ and Other - 
b/ 120 - 
b/ 100 - 
b/ 
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20 
20 
b/ 10 - 
a/ 
- b/ Less t h a n  5 
- c/ 
Excludes wives, heads of families, and members o f  armed f o r c e s .  
may n o t  add t o  t o t a l  because o f  independent rounding. 
Spanish  Americans are de f ined  as i n d i v i d u a l s  o f  Spanish  language 
o r  Spanish  surname. Spanish Americans are also i nc luded  i n  t h e  





















Napa County Persons Below Poverty Level - a/ 
1980 (projected) 
Total 







1 , 290 
5,580 
780 




2 , 340 
White 







1 , 290 






































L/ - Excludes individuals living in group quarters. 
total because of independent rounding. 
- b/ Less than 5. 
- c/ Spanish Americans are defined as individuals of Spanish language or 
Spanish Americans are also included in the racial 
Parts may not add to 
Spanish surname. 
categories as white, black, or other races. 
Source: E.D.D., 1979 
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Table 43 
Mendocino County and Incorporated City Population 





W i  11 i t s  
1970a 1978b 











a. U.S .  Census, 1970 
b. DOF, July 1,  1978, City estimates as of January 1, 1978. 
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commercial development in the Ukiah area, 3) reduction in commute time 
to Santa Rosa via Highway 101 improvements, and 4 )  the comparatively 
lower land and housing costs in contrast to Sonoma o r  the Bay Area coun- 
ties (Mendocino Chamber of Commerce, 1978). The Mendocino County Plan- 
ning Department has made an unofficial estimate of the county's current 
population as 73,000. This projection is 9,000 greater than the DOF 
estimate of 63,900 residents. Current DOF population projections do not 
reach 70,000 until 1985. 
2.  Economic and Labor Force Trends - --- 
Mendocino county's employment growth rate slowed below the state's 
1978 rate after two years of rapid growth. This slower trend is projec- 
ted to continue through 1980, primarily because of the depressed lumber 
industry and the lack of any new major industrial development within the 
county. Unemployment is forecasted to rise during 1979, but to fall 
below 1978 levels by the end of 1980 (see Table 4 4 ) .  Due to the 
seasonal pattern of Mendocino's major industries (lumber, agriculture, 
and tourism), unemployment rates should continue to outpace state and 
national rates (EDD, 1979). While agricultural jobs are expected to 
increase slightly in 1979 and 1980 due to larger pear and wine grape 
harvests, lumber industry jobs are expected to decline during the next 
20-30 years (BLM, 1978). 
Like Lake County, Mendocino County has a shortage of highly skilled 
workers and an abundance of semi-skilled and unskilled workers. This 
trend is projected to continue in the near future. As a result, geoth- 
ermal employment will involve a higher than average in-migration rate to 
satisfy the need for skilled positions (EDD, 1979). Per capita income 






Mendocino County Labor Force Trends 
And Annual Averages By Industry1 
1978, 1979, 1980 
* 




Wage & Salary Workers 
Agriculture, Agric. 
serv., forestry and 
fisheries 
Nonagriculture industries 
Construction & mining 
Manufacturing 
Lumber & Wood Products 
Other manufacturing 
Transport & public utilities 
Wholesale trade 
Retail trade 

























































From EDD, 1979 
* 
1978 data preliminary, 1979 and 1980 are forecast 
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i s  about $800 below s t a t e  average and i s  expected t o  remain below t h e  
s t a t e  average.  
The t a b l e s  of s o c i a l  d a t a  t h a t  fo l low (Tab les  45-48) i n d i c a t e :  
14 percent  of t h e  popu la t ion  w i l l  be  below t h e  pover ty  l e v e l  by 
1980. 
S o c i a l  S e c u r i t y  and Pub l i c  A s s i s t a n c e  r e c i p i e n t s  t o t a l  approxima- 
t e l y  20,000 o r  31 pe rcen t  of the  popu la t ion .  
High unemployment among youth (age 16-21) is p r o j e c t e d  t o  be 21.8 
percent  by 1980. 
H i g h l i g h t s  of Mendocino's economic and l a b o r  f o r c e  t r e n d s  a r e :  
Employment growth ra te  w i l l  remain below t h a t  of t h e  S t a t e ' s  du r ing  
1979-80. 
Employment growth w i l l  improve on ly  s l i g h t l y  i n  1980; t h e  l a r g e s t  
number new jobs  w i l l  be c r e a t e d  i n  t h e  r e t a i l  t r a d e  s e c t o r  and 
w i l l  emphasize tou r i sm r e l a t e d  a c t i v i t i e s .  
of 
Both lumber and c o n s t r u c t i o n  employment a r e  expected t o  d e c l i n e  
d u r i n g  1979 and 1980. 
Sonoma County 
- 1. Popu la t ion  - and GeograF..ic Desc r ip t ion  
Sonoma County is  coterminous wi th  t h e  Santa  Rosa SMSA and is one of 
C a l i f o r n i a ' s  o r i g i n a l  27 c o u n t i e s .  It i s  t h e  northernmost of the  n i n e  
San F ranc i sco  Bay Area c o u n t i e s .  Bordered by t h e  P a c i f i c  Ocean, Marin 
County and t h e  San Pablo Bay on t h e  west and sou th  and by  Mendocino, 
Lake and Napa c o u n t i e s  on the  e a s t  and n o r t h ,  t h e  county has an a r e a  of 
1,579 squa re  miles. 
DOF e s t i m a t e s  t h a t  Sonoma County's popu la t ion  has r i s e n  by 32.6 
pe rcen t  t h e  1970 census  t o  271,600 i n  1978 r e p r e s e n t i n g  a s t e a d y  
r a t e  of  i n c r e a s e  t h r e e  t imes t h a t  f o r  t h e  s t a t e  as a whole (DOF, 1978) .  






































Mendocino County Civi l ian Labor Force 










































































































































- a/ The Spanish American population is defined as persons of Spanish 
language or Spanish surname. 'Spanish Americans a r e  also counted i n  
t h e  r a c i a l  categories  as white,  black o r  o ther  races .  
b/ Par t s  may not add t o  t o t a l s  because of  independent rounding. - c/ Less than 5. - 
Source: EDD, 1979. 
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Table 46 
Persons Below Poverty Level a/ 1980 (projected)  
Mendocino County 
- 
L Total  
TOTAL 8,960 
























































4 5  
70 
Spanish 
American c/ - 
350 
- a/ 
b/ Less than 5.  
- c/ 
Excludes ind iv idua ls  l i v i n g  i n  group qua r t e r s .  
add t o  t o t a l  because of  independent rounding. 
Spanish Americans are def ined as i nd iv idua l s  of Spanish language 
or Spanish surname. Spanish Americans are a l s o  included i n  t h e  
r a c i a l  ca tegor ies  as white,  black; or o t h e r  races. 
Parts may not  
- 
Source: E .D.D. ,  1978 
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Table 47 
Mendocino County Transfer Payments 
A. Social Security recipients, End of December 1977- a/ 











B. Public Assistance receipients, September 1978- b/ 
Aid to Families with Dependent Children 
Food Stamp Recipients 
General Home Relief Recipients 
Children in Foster Family Homes 
Children in Institutions 





Source: a/ Social Security Administration 





Unemp 1 o p e n  t 
Unemployment Rate 





A. Youth, 16-21 Years Old Population and Labor Force S ta tus  
1980 (projected) 
Numbers of  
People i 
B. Youth, 14-21 Years Old, Not i n  School and Not High School 











































a/ Excludes wives, heads of famil ies ,  and members of armed forces .  
b/ Less than 5. 
c/ Spanish Americans are defined as individuals  of Spanish language 
or  Spanish surname. 
r a c i a l  categories  as white,  black, or o t h e r  races. 
- 
- - 
Spanish Americans are a l s o  included i n  t h e  
Source: E.D.D., 1979 
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L. . . 
T h i s  s t eady  r i se  i n  popu la t ion  i s  F n r t l y  t h e  r e s u l t  of h igh  l eve l s  of 
i n m i g r a t i o n .  Between 1970 and 1978, EDD estimates t h a t  n e t  in- 
m i g r a t i o n  accounted f o r  87 pe rcen t  o f  t h e  66,700 i n c r e a s e  i n  p o p u l a t i o n .  
T h i s  heavy i n m i g r a t i o n  i s  a t t r i b u t e d  t o  Sonoma County's r u r a l  atmos- 
phere and r e l a t i v e l y  low housing and real  e s t a t e  p r o p e r t y  c o s t s ,  coupled 
wi th  t h e  development of a commuter p o p u l a t i o n  t o  San F r a n c i s c o  Bay Area 
( a n  est imated 3,000 r e s i d e n t s  commute t o  San F r a n c i s c o  d a i l y ) .  I n  addi- 
t i o n ,  numerous manufactur ing f i rms  have r e c e n t l y  l o c a t e d  i n  Sonoma 
County because o f  lower p r i c e d  i n d u s t r i a l  p r o p e r t y ,  good t r a n s p o r t a t i o n  
access, and an  adequate  s k i l l e d  l abor  supply.  As shown i n  Table  49,  
p o p u l a t i o n  growth has  been conf ined  p r i m a r i l y  t o  t h e  i n c o r p o r a t e d  c i t i e s  
of t h e  county (EDD, 1979).  DOF estimates t h a t  t o t a l  county p o p u l a t i o n  
w i l l  be 427,669 by t h e  yea r  2000, about double t h e  1975 p o p u l a t i o n  
l e v e l .  
2. Economic and Labor Force Trends - --- 
The EDD f o r e c a s t s  a slower employment growth d u r i n g  1979-80 t h a n  
t h e i r  p rev ious  f o r e c a s t s  (1976-78) had i n d i c a t e d .  N e v e r t h e l e s s ,  Sonoma 
County i s  expected t o  expe r i ence  con t inued  s t r o n g  economic growth. 
T o t a l  employment between 1978 and 1979 i n c r e a s e d  by 3.7 p e r c e n t ;  t h e  
1980 employment growth r a t e  i s  expected t o  r each  4 . 1  p e r c e n t .  The c i v i -  
l i a n  l a b o r  f o r c e  is expected t o  expand s l i g h t l y  i n  1979, b u t  employment 
o p p o r t u n i t i e s  are n o t  expected t o  r each  t h e  expanded l a b o r  f o r c e .  
T h e r e f o r e ,  an unemployment ra te  of 7.7 pe rcen t  i s  p r o j e c t e d  f o r  197Y. 
EDD does expect  a 1980 r ise  i n  e m p l o p e n t  which w i l l  a b s o r b  some of t h e  
i n c r e a s e d  l a b o r  f o r c e  r e s u l t i n g  i n  an  anemployment ra te  o f  7.3 pe rcen t  




Sonoma County and Selected Cities Population 
For 1970 - 1978 
204,885 271,600 32.6 
Santa Rosa 







50,006 73,500 47.0 
6,133 18,000 193.0 
5,438 6,575 20.9 
4,112 5,725 39.2 
3,993 4,810 20.5 
3,251 3,750 15.3 
1,368 2,840 107.7 




113,300 119,300 Civilian Labor Force 
Employment 102,300 110,400 
Unemployment 11,000 8,900 







Civilian Labor Force, Employment and Unemployment 
1978 - 1980 
Source: EDD, 1979 
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A g r i c u l t u r e  remains t h e  major economic base  i n  Sonoma County dom- 
i n a t e d  by wine p roduc t ion ,  t h e  f a s t e s t  growing segment o f  t he  a g r i c u l -  
t u r a l  s e c t o r .  EDD p r o j e c t s  an  i n c r e a s e  i n  farm p roduc t ion ,  t he reby  
f avorab ly  a f f e c t i n g  farm employment d u r i n g  1975)-80. (See Table 51) .  
Approximately 3 m i l l i o n  t o u r i s t s  are a t t r a c t e d  a n n u a l l y  t o  t h e  
county's  v ineya rds  and r e c r e a t i o n  f a c i l i t i e s .  Kecreat ion f a c i l i t i e s  
va ry  froin t h e  c o a s t l i n e  t o  w i n e r i e s  t o  Redwood f o r e s t s .  Most o f  t h e  
a s s o c i a t e d  t o u r i s t  t r a f f i c  i s  concen t r a t ed  on summer weekends. It has  
been e s t ima ted  t h a t  on a t y p i c a l  weekend, 45,000 t o  50,000 r e c r e a t o r s  
t r a v e l  t o  v a r i o u s  p a r t s  of t h e  county (BLM, 1975).  Retai l  t r a d e  employ- 
ment i s  g r e a t l y  in f luenced  by t o u r i s t - r e l a t e d  i n d u s t r i e s ,  e s p e c i a l l y  
r e s o r t s ,  e a t i n g  and d r i n k i n g  e s t a b l i s h m e n t s ,  and s e r v i c e  s t a t i o n s .  EDD 
p r o j e c t s  a l a r g e r  a b s o l u t e  g a i n  i n  county r e t a i l  t r a d e  (1500 new j o b s )  
t h a n  any o t h e r  s e c t o r  d u r i n g  t h e  1979-80 f o r e c a s t  p e r i o d  (EDD, 1979).  
H i g h l i g h t s  o f  Sonoma County's economy ( s e e  Table  51 t o  53)  i n c l u d e :  
- Moderate employment growth i s  p r o j e c t e d  f o r  1979. 
- Unemployment averaged 7.5 pe rcen t  of t h e  l a b o r  f o r c e  f o r  1978; and 
p r o j e c t e d  a t  7.7 pe rcen t  f o r  1979, and s l i g h t l y  lower a t  7 .3  per- 
c e n t  f o r  1980. 
- Trade and s e r v i c e s  w i l l  lead county j o b  expansion.  
- A g r i c u l t u r e  i s  p r o j e c t e d  t o  g e n e r a t e  c o n s i d e r a b l e  farm and r e l a t e d  
employment through 1980. 
- T o t a l  poverty l e v e l  f o r  1980 i s  p r o j e c t e d  a t  37,200 persons.  
- S o c i a l  s e c u r i t y  and p u b l i c  a s s i s t a n c e  r e c i p i e n t s  reached a combined 
t o t a l  o f  61,044 i n  1978, approximately 22 pe rcen t  o f  t h e  popula- 
t ion .  




Number of Employed 
Individuals 2/ 
Industry- 1/ 
1976 1980 1985 
1 2 3 4 
- ,  
Employment and Growth Rates By Industry 
1976, 1980, 1985--Santa Rosa SMSA (Sonoma County) 
% 
Compound Annual 
Average Growth Rat1 
76-80 80-85 
5 6 
'otal, All Industries?' 85,600 




Durable Goods 7,100 
Construction 5,500 
Lumber and Wood 2,200 
Machinery, Electrical 
Equipment & Instruments 3,500 
All Other Durable Goods 3,600 
Nondurable Goods 3,600 
Food and Kindred Products 2,200 
All Other Nondurable Goods 1,400 
tion, and Utilities 4,400 
Transportation 2,000 
Communication and Utilities 2,400 
Trade 20,200 
Wholesale Trade 2,900 
Retail Trade 17,300 
Food and Dairy Stores 2,600 
Eating and Drinking Places 4,600 
All Other Retail Trade 10,100 
Finance, Insurance, and 
Real Estate 4,500 
Services 30,400 
Medical and Other Health 9,300 
All Other Services 12,700 

























34 , 900 
10.900 
9,600 
14 , 300 























































- 1/ Major industries are aggregated here according to the census classification 
method. 
salary, self-employed, .unpaid family, and government). A major production 
of governinent workers are assigned to the various industries in which they 
would appear if they were in private employment, i.e., constmction crafts 
workers employed by government agencies are counted with construction; 
municipal utility workers are counted with transportation, communications, 
& utilities; and public school employees are included with education as 
part of the services industries. 
such groups as public officials, police officers and fire fighters, and 
employees of regulatory agencies. 
Industry totals have been rounded to the nearest hundred. 
Individual line items may not add to totals because of rounding. 
Source: EDD, 1979 
All classes of civilian workers are included (private wage and 
Remaining in public administration are 
- 21  
- 31 
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Table  52 
TOTAL 
Male 















Sonoma County Persons Below Poverty Level - a /  
1980 ( p r o j e c t e d )  
T o t a l  







4 , 090 
22 , 790 
4 , 860 
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7,820 
1,220 
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- a/ Excludes i n d i v i d u a l s  l i v i n g  i n  group q u a r t e r s .  
because of independent  rounding.  
- b/ Less than  5. 
- c/ Spanish Americans are d e f i n e d  as i n d i v i d u a l s  of Spanish language o r  Spanish 
surname. 
whi te ,  b l ack ,  or o t h e r  races. 
Parts may n o t  add t o  t o t a l  
Spanish Americans are a l s o  inc luded  i n  t h e  r a c i a l  c a t e g o r i e s  as 






B. Youth, 14-21 Years Old, Not In  School and Not High School 
Graduates, by Race, Sex, and Age - a/ 1980 (projected)  
Number of 
Persons 
28 , 160 







Tota l  1,030 I 
Female 






































- a/ Excludes wives, heads of families, and members of armed forces .  
not add t o  t o t a l  because of independent rounding. 
b/ Less than 5. 
- c/ Spanish Americans a r e  def ined as ind iv idua l s  of Spanish language o r  Spanish 
surname. 
white,  black,  or o the r  races. 
Parts may 
- 
Spanish Americans are a l s o  included i n  t h e  r a c i a l  ca t egor i e s  as 




The Geysers r e g i o n  i s  predominately r u r a l .  While growth i s  occur- 
r i n g  i n  a l l  fou r  c o u n t i e s ,  s u b s t a n t i a l  popu la t ion  growth is  o c c u r r i n g  
on ly  i n  Lake County (5.4%) as  of 1978. Compared t o  a c u r r e n t  s t a t e  
growth r a t e  of 1 .9  p e r  year,  t h e  r a t e  f o r  Napa, Sonoma, and Mendocino 
c o u n t i e s  are r e s p e c t i v e l y  2.1 p e r c e n t ,  2.0 percent  and 1.6 pe rcen t .  The 
i n - m i g r a t i o n  component o f  t h i s  growth is dominated by county s p e c i f i c  
t r e n d s .  Sonoma and Napa c o u n t i e s  are developing urban and suburban com- 
muter popu la t ions  t o  ba l ance  t h e i r  h i s t o r i c  r u r a l  and a g r i c u l t u r a l  
c h a r a c t e r .  Mendocino i s  t h e  on ly  county where t h e  bulk of r e c e n t  growth 
has  occur red  i n  un incorpora t ed  areas ,  wh i l e  Lake County's growth h a s  
been balanced between inco rpora t ed  and r u r a l  areas. 
I 
Futu re  i n - m i g r a t i o n  ra tes  f o r  each county are f o r e c a s t e d  by DOF as 
an e x t e n s i o n  o f  t h e s e  c u r r e n t  and r e c e n t  p a s t  t r e n d s .  Table  54 shows 
t h e  in-migrat ion r a t e s  f o r  t h e  fou r  Geysers Region c o u n t i e s  through 2000 
used f o r  t h i s  s t u d y .  These f o r e c a s t s  r e p r e s e n t  a base case in -mig ra t ion  
f o r e c a s t  and do not i n c l u d e  t h e  i n f l u e n c e  o f  expanded geothermal 
a c t i v i t y .  The geo the rma l ly  r e l a t e d  in-migrat ion ra tes  d e r i v e d  i n  Chap- 
t e r  I1 are  added t o  t h e  base c a s e  ra tes  i n  o r d e r  t o  assess t h e  impacts  
of a geothermal development s c e n a r i o .  As shown on Table  54, over  10,000 
i n - m i g r a n t s  ( n o t  i n c l u d i n g  geo the rma l ly  induced i n - m i g r a n t s )  w i l l  a r r i v e  
i n  t h e  Geysers r e g i o n  a n n u a l l y  d u r i n g  t h e  rest  of t h i s  c e n t u r y .  
Although a g r i c u l t u r e  i s  t h e  l ead ing  i n d u s t r y  i n  a l l  f o u r  c o u n t i e s ,  
t h e  economies of Sonoma and Napa are more d i v e r s e  than  t h o s e  of Lake and 
Mendocino c o u n t i e s .  Correspondingly,  Lake and Mendocino c o u n t i e s  have a 
s h o r t a g e  of a v a i l a b l e  s k i l l e d  l a b o r  and a s u r p l u s  of u n s k i l l e d  and 











1978-1980 1980-1985 1985-1990 1990-2000 
2000 1500 1250 1000 
1000 1000 1000 1000 
2000 2000 2000 2000 
5500 6000 6000 6000 
Source: DOF, 1978 
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i s  below s tate  average but three  of the  c o u n t i e s  (Napa, Sonoma and Men- 
docino)  are  approaching the  state  average .  Sonoma, Mendocino and Lake 
Counties exceed s t a t e  unemployment averages whi l e  Napa County's unem- 
ployment r a t e  i s  lower than the S t a t e ' s  r a t e .  
@ 
15 8 
VI. POPULATION IMPACTS OF GEOTHERMAL ENERGY DEVELOPMENT 
- In-Migration Data 
Baseline (1975) county level population, population components and 
in-migration forecasts were described in the previous section. Net in- 
migration caused by geothermal activity was described earlier for two 
scenarios, a high growth and low growth scenario. Two sets of in- 
migration rates were defined for each scenario. The first included only 
in-migrants resulting from direct geothermal employment (direct impact). 
The second included in-migrants caused by direct and induced employment 
(total impact). Each of the four scenarios for geothermally related 
in-migration for the years 1979 through 2000 was treated as an incremen- 
tal in-migration added to the DOF base line in-migration forecast. Thus 
total in-migration for each year in each county equaled the DOF base 
line in-migration plus the geothermal in-migration. Where there is 
forecasted a net out-migration due to geothermal activity, the total 
in-migration will be lower than the DOF base line. In-migration rates 
for the four cases are shown on Table 5 5 .  
DOF Cohort Survival Model -
Inmigration numbers shown on Table 5 5  were used to drive the Cali- 
fornia State Department of Finance's Compartmented Cohort Survival Popu- 
lation Projection Model for the Geysers region counties. This model 
requires specific input assumptions on fertility by age compartment, 
mortality by age compartment, and total state in-migration rates. Mid- 
range state base values for fertility and mortality were used for all 
runs. Base case county in-rnigration rates are based upon state in- 
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Table 55 
Net In-Migration Rates f o r  1979 - 2000 By Counties 
High Growth Scenario:  

















































































































High Growth Scenario: 
Tota l  In-Migration 



























































































Table  55 ( c o n t ' d . )  
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Low Growth Scena r io  
















































































































Low Growth Scena r io  
T o t a l  In-Migrants  




























































































m i g r a t i o n  ra tes ,  1960-1978 in-migrat ion t r e n d s ,  and known o r  f o r e c a s t e d  
l o c a l  growth t r e n d s .  
The model u s e s  one yea r  t i m e  i n t e r v a l s  and separates m i l i t a r y ,  c o l -  
l ege  s t u d e n t s  and o t h e r s  p r e s e n t  because of a d m i n i s t r a t i v e  d e c i s i o n  from 
t h e  ' 'basic c i v i l i a n  popu la t ion . "  These two p o p u l a t i o n  components are 
t r e a t e d  s e p a r a t e l y  u s i n g  s e p a r a t e  se t s  o f  b a s i c  i n p u t  d a t a .  
Numerical ly ,  t h e  model p r o j e c t s  county popu la t ion  by app ly ing  fou r  
methods followed by minor ad jus tmen t s  f o r  s t a t e w i d e  t o t a l  f i g u r e s .  A 
b r i e f  d e s c r i p t i o n  o f  each of t h e  fou r  methods fo l lows :  
1. The R a t i o  C o r r e l a t i o n  Method u s e s  a r e g r e s s i o n  e q u a t i o n  t o  es t imate  
t h e  c i v i l i a n  popu la t ion  f o r  a g iven  d a t e  wi thou t  s t a t i n g  t h e  migra- 
t i o n  s e p a r a t e l y .  It  i s  based upon t h e  observed r e l a t i o n s h i p  t o  of 
changes i n  f o u r  d i f f e r e n t  symptomatic d a t a  se r ies  t o  changes i n  
d i s t r i b u t i o n  w i t h i n  t h e  S t a t e  f o r  t h e  1960-70 decade.  The se r ies  
used are  ( a )  b i r t h s  and d e a t h s  combined, ( b )  e lementary schoo l  
e n r o l l m e n t ,  ( c )  a u t o  r e g i s t r a t i o n  and ( d )  v o t e r  r e g i s t r a t i o n .  The 
p r e d i c t i v e  e q u a t i o n  f o r  C a l i f o r n i a  f o r  t h e  1970s i s  g iven  by: 
Y = 0136+(2.534)(A)+(.l158)(B)+(.4573)(C)+(.l553)(D) 
where A ,  B ,  C ,  and D r e f e r  t o  t h e  v a r i a b l e s  d e s c r i b e d  above. 
2.  Component Method 11, f i r s t  developed by t h e  Bureau o f  t h e  Census,  
employs v i t a l  s t a t i s t i c s  t o  measure n a t u r a l  i n c r e a s e  and schoo l  
enrol lment  t o  measure n e t  m i g r a t i o n .  The estimates made by t h i s  
method are s p e c i f i c  t o  t h e  c i v i l i a n  popu la t ion  under 65. To t h i s  
p o p u l a t i o n  i s  added an  estimate of t h e  p o p u l a t i o n  65 and ove r  based 
on Medicare s t a t i s t i c s  and a n  estimate of t h e  m i l i t a r y  p o p u l a t i o n .  
3. The Admin i s t r a t ive  Records Method, a r e c e n t l y  developed component 
method, u s e s  a d m i n i s t r a t i v e  r e c o r d s  ( i n  t h i s  i n s t a n c e  i n d i v i d u a l  
Fede ra l  income t a x  r e t u r n s )  t o  measure c i v i l i a n  i n t e r c o u n t y  migra- 
t i o n  and r e p o r t e d  v i t a l  s t a t i s t i c s  to  estimate n a t u r a l  i n c r e a s e .  
The t a x  r e t u r n s  are matched f o r  t h e  s u c c e s s i v e  p e r i o d s  t o  de t e rmine  
t h e  number of persons whose county of r e s i d e n c e  changed d u r i n g  t h e  
e s t i m a t i n g  pe r iod .  A n e t  m i g r a t i o n  r a t e  based on t h e  number o f  
t axpaye r s  changing r e s i d e n c e  i s  d e r i v e d ;  t h i s  r a t e  i s  then  o f  tax-  
payers  assumed t o  a p p l y  t o  t h e  t o t a l  popu la t ion .  
4. Drive r ' s  License Address Change Composite Migra t ion  Es t ima t ing  
Method i s  a component method i n  which m i g r a t i o n  o f  t h e  popu la t ion  
under 18 y e a r s  o l d  i s  e s t ima ted  u s i n g  a v a r i a t i o n  o f  Component 
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Method 11, and m i g r a t i o n  o f  t h e  popu la t ion  18 t o  64 y e a r s  o l d  i s  
e s t i m a t e d  u s i n g  a d d r e s s  changes on t h e  C a l i f o r n i a  d r i v e r ' s  l i c e n s e  
f i l e .  The number of m i g r a n t s  i s  e s t ima ted  from t h e  a d d r e s s  changes 
by u s i n g  t h e  1970 r e l a t i o n s h i p  of popu la t ion  t o  d r i v e r  l i c e n s e s  f o r  
t h e  ages 18 t o  6 4  years. The r e s u l t i n g  estimates of m i g r a t i o n  a r e  
added t o  t h e  survived cohor t  of  t h e  c i v i l i a n  p o p u l a t i o n  under 6 5  
years o l d .  Also added to t h i s  number a r e  e s t i m a t e s  o f  in-migrat ion 
from abroad,  m i l i t a r y  b a r r a c k s  popu la t ion  and an estimate of  t h e  
p o p u l a t i o n  6 5  and ove r  based on M e d i c a r e # s t a t i s t i c s .  
The f i g u r e s  p re sen ted  were c a l c u l a t e d  from a s imple average of t h e  
fou r  methods a d j u s t e d  f o r  changes i n  t h e  i n s t i t u t i o n a l  popu la t ion  and 
c o n t r o l l e d  t o  a S t a t e  t o t a l .  The s t a t e  t o t a l s  a r e  c o n s i s t e n t  w i th  t h o s e  
publ ished by t h e  U .  S .  Bureau of t h e  Census i n  S e r i e s  P-25 (DOF, 1979).  
Model K e s u l t s  
Model r e s u l t s  are p resen ted  i n  F igu res  32  through 4 0 .  F i g u r e s  3 2 ,  
3 4 ,  36 and 38 d e p i c t  t o t a l  county popu la t ion  i n c r e a s e s  from t h e  1978 
popu la t ion  l e v e l .  The i n c r e a s e  i s  shown f o r  t h e  base  case (no  geo the r -  
m a l  expansion)  and f o r  two o t h e r  developmental  s c e n a r i o s .  For Lake 
County ( F i g .  3 2 )  and Sonoma County ( F i g .  3 8 )  t h e  "other"  s c e n a r i o s  are 
t h e  h igh  geothermal growth t o t a l  impact s c e n a r i o  and t h e  low geothermal  
growth t o t a l  i m p a c t  s c e n a r i o .  For Napa County ( F i g .  3 6 )  and Mendocino 
County ( F i g .  34) t h e  two "other" scenarios are t h e  h igh  geothermal 
growth t o t a l  impac t  s c e n a r i o  and t h e  h igh  geothermal growth d i r e c t  
impact s c e n a r i o .  The low growth t o t a l  impact s c e n a r i o  was omi t t ed  from 
F i g u r e s  34 and 36 because t h i s  s c e n a r i o  e i t h e r  included no a c t i v i t y  
w i t h i n  t h e  county o r  because t h e  inc luded  a c t i v i t y  was t o o  small  t o  pro- 
duce a measurable impact.  F i g u r e s  - 3 3 ,  35, 37 and 39 p r e s e n t  t h e  
inc remen ta l  p o p u l a t i o n  i n c r e a s e  due t o  geothermal  a c t i v i t y  for a l l  fou r  
geothermal i n - m i g r a t i o n  s c e n a r i o s  ( t o t a l  i n c r e a s e  minus b a s e  c a s e  







I I  I I I 
I I I 
85 90 95 2000 
Year 
XBL804-680 Fig.  32.  Lake County Popu la t ion  I n c r e a s e  
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Fig. 33. Population Difference Between Base Case and Geothermal XBL804-678 
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XBL804-682 Fig .  35. Popu la t ion  D i f f e r e n c e  Between Base Case and 
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( F i g .  35) and Napa County ( F i g .  37) s i n c e  t h e s e  s c e n a r i o s  d i d  no t  pro- 
duce measurable impacts .  F igu re  40 shows f o r e c a s t e d  county t o t a l  popu- 
l a t i o n  ove r  time f o r  t h e  base c a s e  s c e n a r i o .  
The d a t a  on F i g u r e s  33 ,  35,  37 and 39 r e p r e s e n t  t h e  a b s o l u t e  magni- 
tude of t h e  county l e v e l  p o p u l a t i o n  impact of geothermal ene rgy  develop- 
ment i n  t h e  Geysers r e g i o n .  The cu rves  f o r  " d i r e c t  impact only" 
r e p r e s e n t  t h a t  i nc remen ta l  popu la t ion  a s s o c i a t e d  w i t h  geothermal 
development and t h e  r e s u l t a n t  in-migrat ion ra tes .  The " t o t a l  impact" 
cu rves  r e p r e s e n t  t h e  inc remen ta l  popu la t ion  a s s o c i a t e d  w i t h  bo th  d i r e c t  
and induced employment and t h e i r  r e s u l t a n t  i n - m i g r a t i o n  ra tes .  The 
t o t a l  impact cu rves  r e p r e s e n t  an upper bound on  t h e  p o s s i b l e  popu la t ion  
impact s i n c e  i t  was assumed t h a t  a l l  induced employees w i l l  be addi-  
t i o n a l  i n - m i g r a n t s .  In r e a l i t y ,  some of t h e s e  induced j o b s  would be 
f i l l e d  by e x i s t i n g  r e s i d e n t s  o r  by i n - m i g r a n t s  included i n  t h e  DOF base 
case in-migrat  i o n  f o r e c a s t  . The " d i r e c t  impact only" cu rve  assumes, i n  
e f f e c t ,  t h a t  a l l  o f  t h e  induced employment comes from e i t h e r  e x i s t i n g  
r e s i d e n t s  o r  from in-migrants  f o r e c a s t e d  by t h e  DOF base  c a s e .  Ac tua l  
p o p u l a t i o n  impact f o r  e i t h e r  development s c e n a r i o  would t h e n  l i e  between 
" t o t a l  impact" as a n  upper bound and " d i r e c t  impact only" as a lower 
bound. 
The r e g i o n a l  p o p u l a t i o n  impact peaks i n  t h e  e a r l y  t o  mid 1990's for 
t h e  h igh  growth . s c e n a r i o  bu t  i n  t h e  e a r l y  t o  mid 1980's for t h e  two 
c o u n t i e s  w i th  e a r l y  s c e n a r i o  a c t i v i t y  (Lake and Sonoma). P o p u l a t i o n  
impacts  i n  t h e  o t h e r  two c o u n t i e s  are s t i l l  i n c r e a s i n g  a t  y e a r  2000 when 
t h e  s c e n a r i o  ends .  The l a r g e s t  number of a d d i t i o n a l  r e s i d e n t s  occur s  i n  
Lake County i n  1990 under t h e  h igh  geothermal. growth ra te  s c e n a r i o  where 
173 
about 3000 r e s i d e n t s  would be p r e s e n t  because o f  geothermal a c t i v i t y .  
The s i g n i f i c a n c e  of t h e  a b s o l u t e  popu la t ion  i n c r e a s e s  shown on 
F igures  33, 35, 37 and 39 must be  viewed i n  l i g h t  o f  t o t a l  county popu- 
l a t i o n  ( F i g u r e  40) and of t o t a l  county popu la t ion  i n c r e a s e  ( F i g u r e s  32, 
34, 36 and 38). The presence o f  up t o  2240 geo the rma l ly  r e l a t e d  inhab i -  
t a n t s  i n  Sonoma County i n  1995 (F ig .  39) t a k e s  on a reduced s i g n i f i c a n c e  
s i n c e  t h e  number w i l l  r e p r e s e n t  on ly  0.6% of t h e  t o t a l  county popu la t ion  
( F i g .  40) and,  more i m p o r t a n t l y ,  on ly  1.8 percen t  of t h e  t o t a l  popula- 
t i o n  i n c r e a s e  between 1979 and 1995 (F ig .  40). 430 geo the rma l ly  r e l a t e d  
i n h a b i t a n t s  i n  Napa County i n  yea r  2000 ( F i g .  37) a l s o  become i n s i g n i f i -  
c a n t  t h e y  r e p r e s e n t  on ly  0.3 pe rcen t  of t h e  county p o p u l a t i o n  i n  
2000 ( F i g .  40) and o n l y  0.8 percen t  o f  t h e  p o p u l a t i o n  i n c r e a s e  between 
1979 and 2000. The remaining 99.2 percen t  o f  t h e  county p o p u l a t i o n  
i n c r e a s e  ove r  t h a t  p e r i o d ,  and t h e  f o r c e s  d r i v i n g  t h e  i n c r e a s e ,  w i l l  be 
of f a r  g r e a t e r  concern t o  t h e  county.  
s i n c e  
S i g n i f i c a n t  impacts  were found i n  Lake and Mendocino Counties .  The 
t o t a l  o f  3390 geo the rma l ly  r e l a t e d  r e s i d e n t s  i n  Lake County i n  1990 
( F i g .  33) r e p r e s e n t  8 pe rcen t  of county popu la t ion  and about  20 p e r c e n t  
o f  t h e  popu la t ion  i n c r e a s e  ove r  t h a t  p e r i o d .  Thus,  geothermal  energy 
development w i l l  be a ma jo r ,  bu t  not  t h e  pr imary,  d r i v i n g  f o r c e  behind 
Lake County popu la t ion  i n c r e a s e  ove r  t h e  nex t  decade. While geothermal  
r e s o u r c e s  are found (and under t h e  h i g h  growth s c e n a r i o  w i l l  be develo- 
ped throughout  Lake County, t h e  m a j o r i t y  o f  t h e  development w i l l  occur  
i n  t h e  southwestern p a r t  of t h e  county.  I n  t h i s  p a r t  of t h e  coun ty ,  
geo the rma l ly  r e l a t e d  popu la t ion  impacts  w i l l  be f a r  g r e a t e r  t h a n  fo re -  
c a s t e d  by county-wide numbers. 
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A maximum of 1240 geo the rma l ly  re la ted  r e s i d e n t s  o f  Mendocino 
County i n  2000 ( F i g .  35)  w i l l  have l i t t l e  s i g n i f i c a n c e  f o r  t h e  county a s  
a whole ( 1 . 3  pe rcen t  of county p o p u l a t i o n ,  on ly  3 .5  pe rcen t  of popula- 
t i o n  i n c r e a s e  between 1979 and 2000). However, most of t h i s  growth i s  
p r o j e c t e d  t o  be c o n c e n t r a t e d  d u r i n g  t h e  1985 t o  2000 t i m e  p e r i o d  and 
w i l l  r e p r e s e n t  5 .3  pe rcen t  o f  t h e  county popu la t ion  growth ove r  t h a t  
p e r i o d .  F u r t h e r ,  t h e  v a s t  m a j o r i t y  of t h e  geo the rma l ly  r e l a t e d  popula- 
t i o n  w i l l  be concen t r a t ed  i n  t h e  s o u t h e a s t  c o r n e r  o f  t h e  county ( i n  t h e  
g e n e r a l  v i c i n i t y  o f  Hopland). I n  t h i s  sub-county r e g i o n ,  a p o p u l a t i o n  
i n c r e a s e  o f  1200 people would be s i g n i f i c a n t .  
F i n a l l y ,  popu la t ion  impacts  on a r e g i o n a l  s c a l e  are s i g n i f i c a n t  
o n l y  ove r  t h e  f i r s t  s e v e r a l  y e a r s  of t h e  s c e n a r i o  when a c t i v i t y  l e v e l s  
are high i n  Lake and Sonoma Counties  ( s e e  Table 56) where, d u r i n g  t h e  
1979 t o  1981 p e r i o d ,  geo the rma l ly  r e l a t e d  p o p u l a t i o n  i n c r e a s e s  r e p r e s e n t  
10 pe rcen t  of t h e  t o t a l  p o p u l a t i o n  i n c r e a s e .  
I n  a d d i t i o n  t o  s p e c i f i c  p o p u l a t i o n  impacts ,  s e v e r a l  t r e n d s  emerged 
from t h e  model r e s u l t s .  F i r s t ,  d i r e c t  geothermal  p o p u l a t i o n  impacts  
r e p r e s e n t  a small  f r a c t i o n  o f  t h e  t o t a l  popu la t ion  change, and a re  mar- 
g i n a l l y  s i g n i f i c a n t  o r  i n s i g n i f i c a n t  i n  a l l  cases. Second, fo l lowing  
t h e  t r e n d  e s t a b l i s h e d  f o r  geothermal  l e v e l s  o f  employment, geo the rma l ly  
r e l a t e d  i n c r e a s e d  p o p u l a t i o n  t e n d s  t o  r ise r a p i d l y  t o  a maximum l e v e l  
and t o  t h e n  remain f a i r l y  c o n s t a n t  ove r  t h e  l i f e  o f  t h e  development 
a c t i v i t y .  T h i r d ,  t h e  h i s t o r i c a l  error o f  one and two y e a r  DOF county 
l e v e l  popu la t ion  p r o j e c t i o n s  i s  between 1 pe rcen t  and 2 p e r c e n t .  Thus,  
i n  a l l  cases, excep t  f o r  t h e  Lake County h igh  growth s c e n a r i o ,  geo the r -  
ma l ly  induced p o p u l a t i o n  i s  smaller t h a n  t h e  expected DOF f o r e c a s t  
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Table 56 .  Maximum Regional  Popu la t ion  Impacts of Geothermal Energy Development 
Geothermally r e l a t e d  
popu la t ion  
T o t a l  Regional Popula t ion  
Geothermal Popula t ion  a s  
a % of  Regional Popula t ion  
Total Regional Popula t ion  
I n c r e a s e  (over  1978) 
Geothermal Popu la t ion  as a 
% o f  T o t a l  Popula t ion  
Inc rease  
1980 - 1985 1990 1995 2000 
2840 4268 5918 6994 6505 
476,995 539,957 603,558 665,729 724,756 
0,6% 0.8% 1.0% 1.05% 0.9% 
25,700 92,098 157,000 219,500 278,700 
11.1% 4.6% 3.8% 3.2% 2.3% 
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e r r o r .  Th i s  i s  not  t o  say t h a t  t h e  p r o j e c t i o n s  of geothermal ly  r e l a t e d  
p o p u l a t i o n  i n c r e a s e  p re sen ted  h e r e  a r e  i n  e r r o r ,  bu t  r a t h e r  t h a t  they 
a r e  s m a l l e r  t han  t h e  expected e r r o r  i n  t h e  b a s i c  f o r e c a s t  on to  which 
they have been added. Thus, t h e  r e a l  v a l u e  l i e s  not in t h e  a b s o l u t e  
numbers of t h e  p r o j e c t e d  popu la t ion  i n c r e a s e ,  bu t  r a t h e r  i n  t h e i r  r e l a -  
t i v e  magnitude t o  both  t o t a l  county popu la t ion  and t o  non-geothermally 
r e l a t e d  i n m i g r a t i o n .  
1 7 7  
V I 1  . CONCLUSIONS 
A number of s i g n i f i c a n t  conc lus ions  concerning t h e  p o p u l a t i o n  
impact o f  geothermal energy development; d i r e c t  and i n d i r e c t  employment 
o p p o r t u n i t i e s  a s s o c i a t e d  w i t h  geothermal development; and t h e  p o t e n t i a l  
for, a t t r a c t i v e n e s s  o f ,  and employment impacts of v a r i o u s  d i r e c t  u s e s  of 
geothermal energy were drawn from t h i s  s tudy .  The s p e c i f i c  conc lus ions  
are:  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
The fou r  Geysers r e g i o n  c o u n t i e s  a l l  have r a p i d l y  growing popula- 
t i o n s .  However, geothermal energy development i s  n o t ,  and w i l l  no t  
b e ,  a p r i n c i p a l  d r i v i n g  f o r c e  f o r  popu la t ion  growth, and i s  a s i g -  
n i f i c a n t  d r i v i n g  f o r c e  i n  on ly  one county (Lake County) f o r  county 
l e v e l  popu la t ion  changes.  
The cour se  of geothermal development i n  t h e  Geysers area appea r s  t o  
be r e l a t i v e l y  f i x e d  ove r  t h e  next 4 - 5 y e a r s .  Following t h i s  
p e r i o d ,  t h e  development pa th  can va ry  widely as a function of 
v a r i o u s  f o r c e s  i n c l u d i n g  t h e  s u c c e s s  o f  ho t  water system develop- 
ment i n  Imper i a l  V a l l e y ,  of t h e  ra te  of e l e c t r i c i t y  demand growth, 
t h e  u l t i m a t e  s i z e  and composi t ion o f  t h e  KGRA r e s o u r c e ,  and t h e  
s u c c e s s  of o t h e r  u t i l i t y  c a p i t a l  s t o c k  inves tmen t s  ( e . g .  Montezuma 
I ) .  
New employment o p p o r t u n i t i e s  i n  t h e  geothermal i n d u s t r y  occur  p r i -  
m a r i l y  d u r i n g  t h e  i n i t i a l  development p e r i o d  w i t h i n  a county.  
A f t e r  t h e  f i r s t  s e v e r a l  p l a n t s  are b u i l t ,  a d d i t i o n a l  new c a p a c i t y  
t ends  not t o  c r e a t e  new j o b s ,  bu t  r a t h e r  t o  r e h i r e  workers from 
p rev ious  c o n s t r u c t i o n  e f f o r t s .  F u r t h e r ,  mult i -year  g r a d u a l  loss o f  
j o b s  tends t o  occur  fo l lowing  t h e  i n i t i a l  bu i ldup  pe r iod .  
Induced employment o p p o r t u n i t i e s  are s u b s t a n t i a l l y  l a r g e r  t h a n  
d i r e c t  geothermal  employment o p p o r t u n i t i e s ,  w i l l  be sp read  ove r  a 
f a r  g r e a t e r  range of j o b  s k i l l s  and w i l l  p rov ide  f a r  more j o b  
o p p o r t u n i t i e s  f o r  c u r r e n t  r e s i d e n t s  t h a n  w i l l  geothermal develop- 
ment. 
Direct employment l e v e l s  r e s u l t i n g  from even a h igh  s c e n a r i o  w i l l  
be small  compared t o  t h e  t o t a l  county and r e g i o n a l  l a b o r  f o r c e .  
T o t a l  employment impacts ( d i r e c t  p l u s  i n d i r e c t )  are  l a r g e r ,  bu t  
w i l l  s t i l l  r e p r e s e n t  less  than  2 percen t  o f  t h e  r e g i o n a l  work 
f o r c e .  
The county l e v e l  popu la t ion  impacts  of geothermal ene rgy  develop- 
ment are  not  s i g n i f i c a n t  i n  Nap?, Sonoma and Mendocino c o u n t i e s .  
S i g n i f i c a n t  county l e v e l  impacts  w i i l  occur  i n  Lake County i f  an 
a g g r e s s i v e  geothermal development pa th  i s  fol lowed.  Under such a 




9 .  
could be p r e s e n t  d i r e c t l y  o r  i n d i r e c t l y  as a r e s u l t  of geothermal  
a c t i v i t y .  T h i s  a d d i t i o n a l  p o p u l a t i o n  w i l l  r e p r e s e n t  o v e r  20 per- 
c e n t  o f  t h e  coun ty  t o t a l  p o p u l a t i o n  growth f o r  t h a t  p e r i o d .  
While p o p u l a t i o n  impacts  o f  geothermal energy development are gen- 
e r a l l y  smal l  a t  t h e  county l e v e l ,  i t  i s  p o s s i b l e  t h a t  s i g n i f i c a n t  
sub-county impacts  may a c c r u e  i n  r u r a l  heavy development areas such 
as  Cobb Va l l ey  (Lake County) o r  Hopland (Mendocino County).  
Measurable county l e v e l  popu la t ion  impacts o f  geothermal develop- 
ment i n  Lake and Sonoma Counties  have a l r e a d y  occur red .  DOF 
r e v i s e d  estimates i n d i c a t e  t h a t  a c t u a l  1976-1978 Lake County in -  
m i g r a t i o n  was h i g h e r  t han  DOF b a s e l i n e  p r o j e c t i o n s  by approximately 
t h e  number of people  shown h e r e  f o r  t h e  f i r s t  t h r e e  y e a r s  o f  t h e  
s c e n a r i o .  Thus it may be expected t h a t  geo the rma l ly  induced i n -  
m i g r a t i o n  i n  Lake County w i l l  t a p e r  o f f  i n  t h e  e a r l y  1980's and 
t h a t  t o t a l  p o p u l a t i o n  impacts  w i l l  t a p e r  o f f  by t h e  mid-1980's. 
P o p u l a t i o n  impacts  i n  Mendocino County should n o t  be f e l t  u n t i l  t h e  
mid t o  l a t e  1980's and no t  i n  Napa u n t i l  t h e  mid t o  l a t e  1990's. 
Many d i r e c t  u s e s  o f  geothermal ene rgy  are probably f e a s i b l e  i n  t h e  
Geysers r e g i o n  (Tab les  16 and 211, b u t  none are p r e s e n t l y  be ing  
developed i n  accordance w i t h  t h e i r  energy p o t e n t i a l .  Direct u s e s  
o f  geothermal  h e a t  could p rov ide  an important  p a r t  of t h e  energy 
needs of t h e  Geysers r e g i o n .  I n  c o n t r a s t ,  employment l e v e l s  should 
n o t  be  h igh  because most d i r e c t  u s e s  are no t  l a b o r  i n t e n s i v e  (Tab le  
2 2 ) .  
10. Greenhouse c r o p  p roduc t ion  i s  one f e a s i b l e  d i r e c t  u se  which i s  an 
e x c e p t i o n  t o  t h e  g e n e r a l  r u l e  t h a t  geothermal  development i s  not 
l a b o r  i n t e n s i v e  i n  t h a t  a l a r g e  complex of geothermally-heated 
greenhouses  could employ over  100 persons.  
11. With t h e  e x c e p t i o n  o f  geothermal greenhouses ,  d i r e c t  and i n d i r e c t  
employment from o t h e r  geothermal  d i r e c t  u ses  w i l l  not  be  h igh .  
About 20 t o  30 f u l l - t i m e  j o b s  may be a v a i l a b l e  i n  each o f  Lake and 
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